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ABSTRACT 
Samuel Philip Sellers: Three Essays on Population, Health, and Environment Linkages: 
Evidence from South America, Sub-Saharan Africa, and Southeast Asia  
(Under the direction of Pamela Jagger) 
This dissertation examines relationships between family planning use, fertility, and 
environmental change in three developing country settings: Ecuador, Kenya/Uganda, and 
Indonesia. The goal of this dissertation is to examine the extent to which family planning and 
fertility influence and are also influenced by environmental factors. The first essay examines 
family planning on deforestation in Ecuador, using panel survey data from 1990 and 1999. The 
second essay examines a population, health, and environment project in Kenya and Uganda, with 
a focus on explaining the mechanisms through which the project may create synergistic effects 
that improve both health and conservation outcomes. The third essay uses longitudinal survey 
data collected in Indonesia between 1993 and 2015 to explore the effects of climate shocks on 
fertility preferences, family planning use, and births. Although the contexts for these essays 
differ, they are linked by important similarities, namely, patterns of environmental change and 
growing resource scarcity, susceptibility to the effects of climate change, and changing patterns 
of fertility. Broadly, these essays provide evidence supporting linkages between environmental 
change and fertility and may serve to inform the development of integrated development 
programs and policies that link reproductive health with conservation.  
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CHAPTER 1: INTRODUCTION 
 
Introduction 
The three essays in this dissertation broadly center on the theme of population, health, 
and the environment. Ever since Malthus first hypothesized a relationship between human 
population growth and natural resource abundance in the late 1700s (Malthus, 1993), there have 
been important scholarly questions concerning how the number of humans affects ecosystem 
conditions vital to our survival and vice versa. However, the pace of environmental change has 
substantially accelerated since Malthus’s writings, making the questions he initially posed even 
more pressing. Yet there has been considerable divergence among scholars about the role that 
population growth has on natural resource conditions, with some arguing that it presents an 
existential threat (Ehrlich, 1968), while others argue that any adverse impacts on resource quality 
and quantity can be ameliorated through technological and institutional change (Boserup, 1981). 
The three regions covered in this dissertation—the Amazon Rainforest, the Lake Victoria Basin, 
and western/central Indonesia, are all affected by global climate change as well as other 
unsustainable patterns of land use and resource extraction, including rapid deforestation and 
overfishing. The central theme of addressed in each of these papers is whether these 
environmental changes have a role in affecting human fertility behaviors and vice versa.  
In addition to the broad questions concerning the role that population growth plays in 
affecting natural resources and vice versa, there are also important questions concerning the role 
of public policy in affecting these trends. In particular, each of these papers addresses the role of 
family planning as a means for reducing fertility and empowering women. Not only is the 
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provision of family planning services an important means of reducing fertility (Angeles, Guilkey, 
& Mroz, 2005), but family planning also serves as an important tool for empowering women, 
allowing them to further their education and careers, and by extension, improve their social 
status (Cleland et al., 2006). The three essays in this dissertation address the role of family 
planning in settings where its availability differs considerably. In the first two settings (the 
Ecuadorian Amazon & the Lake Victoria Basin), family planning availability has been 
historically scarce, making it challenging for women to control their fertility, leading to 
unplanned pregnancies and livelihoods-related challenges. In the third setting (Indonesia), a 
government-sponsored family planning program has been highly effective at serving women, 
leading to more than half of married women of reproductive age using family planning (Statistics 
Indonesia, National Population and Family Planning Board, Ministry of Health, & ICF 
International, 2013).  
The first essay in this dissertation explores the role of family planning use on 
deforestation in the Ecuadorian Amazon. Using longitudinal household survey data from 1990 
and 1999, I examine the effect of family planning use by women on deforestation in farms 
scattered among a forest frontier. Despite the role that land conversion to pasture plays in this 
region in increasing births (Pan & López-Carr, 2016), I did not find a significant effect of family 
planning use on deforestation at the farm level, possibly as a result of the relatively low level of 
family planning use in the region during the study period. This paper adds to the deforestation 
and land use change literature by offering new insights into the degree to which small-scale land 
use change can be attributed to the role of fertility, and in particular, deliberate choices to reduce 
farm-level fertility.  
3 
 
The second essay in this dissertation examines a population, health, and environment 
(PHE) project along Lake Victoria in Uganda and Kenya. This project is designed to 
simultaneously improve health and environmental outcomes in a region that has experienced 
many conservation challenges, most notably related to declines in fish populations in the lake 
that provide an important livelihood source for local communities (Hecky, Mugidde, Ramlal, 
Talbot, & Kling, 2010). This essay uses qualitative data collected roughly halfway through the 
project’s operation to explore and describe the mechanisms through which the project functions. 
It centers on the question of the degree to which the provision of improved family planning and 
maternal health services is associated with practices that improve conservation outcomes and 
vice versa. Importantly, this paper explores the degree to which synergistic outcomes may result 
from the project. Based on the evidence provided, I describe several mechanisms that are likely 
associated with synergistic outcomes, as well as some mechanisms that were hypothesized by 
project staff, but were not supported by the data. This paper adds to the small but growing body 
of literature exploring population, health, and environment projects, providing an account of the 
circumstances and conditions that have facilitated successful project outcomes, which in turn 
serves to inform practitioners working on such projects in the future.  
The final essay in this dissertation examines the effect that climate shocks have on 
fertility desires, family planning use, and births using an extensive longitudinal household 
dataset from Indonesia. Rice production in Indonesia can be adversely affected by delayed 
monsoon rainfall (Naylor, Battisti, Vimont, Falcon, & Burke, 2007), and this in turn can have 
impacts on livelihoods, particularly among rural farmers that depend heavily on rice for their 
income (McCulloch, 2008). Contrary to expectations, however, the results show no significant 
effect of delays in monsoon onset timing on family planning use and fertility desires among rural 
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households, although there is a small negative effect on births. Among urban households, there 
are significant declines in food and nonfood expenditures following delays in monsoon onset, as 
well as increases in fertility desires and decreases in family planning use, but no effect on births. 
This paper is one of the first studies to examine the longitudinal effects of environmental shocks 
on fertility desires and family planning use, and adds to a growing body of literature examining 
the effects of environmental shocks on fertility change, which has important implications for 
development and sustainability given the increasing likelihood of such events in future decades.  
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CHAPTER 2: FAMILY PLANNING AND DEFORESTATION: EVIDENCE FROM THE 
ECUADORIAN AMAZON 
Introduction 
Around the world, tropical deforestation is a multicausal and multiscalar process, driven 
by a variety of factors that can act synergistically, though often centered around agricultural 
expansion (Geist and Lambin 2002). While population factors (such as growth, size, and density) 
are often included as covariates in models of deforestation, demographic variables are typically 
treated as controls, and rarely as the causal variables of interest (Ferretti-Gallon and Busch 
2014). Indicators of population are often closely correlated with other deforestation drivers, such 
as economic activity, land quality, and government investment or development programs, 
creating an endogeneity problem that has made testing the effects of population factors 
challenging (Angelsen and Kaimowitz 1999). Thus, several reviews have deemphasized the 
importance of population as a causal factor in deforestation processes because of these 
endogeneity challenges (Angelsen and Kaimowitz 1999; Geist and Lambin 2002; Lambin et al. 
2001).  
However, lingering questions remain about the unique role of population growth as a 
driver of forest loss, given that the demographic trends occurring throughout fragile ecosystems 
are unlike those found in other rural areas or in cities. Forest loss often takes place around the 
edges of forests—frontiers—which are home to settler and indigenous populations carving out 
subsistence and market livelihoods with small-scale agriculture. Biodiversity-rich forest frontiers 
are experiencing higher rates of population growth than other rural areas (Williams 2013), and 
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even small changes in population growth near forest frontiers can contribute to large losses of 
forest cover (López-Carr and Burgdorfer 2013). This rapid population growth is a function of 
both in-migration (Carr 2009), as well as high fertility rates (Bremner et al. 2009; Carr 2005; 
Davis et al. 2015), suggesting that these regions may be among the last places to undergo a 
demographic transition to lower fertility.  
Persistently high fertility in forest frontiers is occurring despite a drop in fertility towards 
replacement rates throughout much of the developing world. Much of this drop can be attributed 
to the prevalence of family planning programs (Bongaarts 1997). Given the high fertility rates 
that often exist in forest frontiers, it is clear that many women in these places either are unable to 
access family planning or opt not to use it because they desire large families. Although a 
growing literature has developed on the secondary positive impacts of family planning use, such 
as on poverty reduction or maternal health (Cleland et al. 2006), relatively little research has 
explored the impacts that family planning use may have on environmental conditions (Engelman 
2016).  
This paper is designed to fill a gap between the deforestation and family planning 
literatures, namely, whether a relationship exists between family planning use and forest cover 
change. This study explores the impact of family planning use on forest cover change in a 
dynamic and rapidly-changing forest frontier, the Northern Ecuadorian Amazon (NEA), 
alongside other drivers of fertility and land use decisions. The association between family 
planning use and fertility change in the NEA is tested, as well as whether effects on fertility from 
family planning were associated with forest cover change. 
Theoretical Context: Population Growth, Family Planning, and Deforestation 
One of the most widely debated drivers of deforestation has been the role of population 
dynamics, and most prominently, population growth. Historically, the debate concerning the role 
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of population growth has centered on neo-Malthusian versus Boserupian explanations for 
change. The former set of narratives, based on Malthus’s arguments that population growth 
would outstrip natural resource capacity barring changes in technology and inputs, argue that 
increases in human demand for agricultural land due to population growth would lead to forest 
clearing as increasingly marginal lands are brought into production (Malthus 1993). Boserup 
(1965) developed the concept of induced agricultural intensification, theorizing that in certain 
circumstances, population growth would incentivize the use of existing strategies known to 
improve the efficiency of resource use. The pressures societies face from resource constraints 
may also spur the development of technological and organizational solutions that support the 
intensification of resource use (Boserup 1981). Thus, Boserupian narratives do not necessarily 
see population growth as harmful for forest cover due to the behavior changes that scarcity 
incentivizes. 
Carr et al. (2005) outline some of the key challenges of researching the relationship 
between population growth and deforestation, most notably the spatial variability in examining 
deforestation drivers and outcomes, as well as the timing of when population growth occurs, 
which can impact whether neo-Malthusian or Boserupian relationships between population 
growth and forest cover predominate. Altering the scale of these variables in models can change 
results dramatically. Timing matters because population growth at different stages of 
development can have varying effects on forest cover. Issues of scale and timing are discussed in 
turn.  
Globally, researchers have sought to understand the relationships between population 
growth and forest cover change at different scales. Early cross-national research exploring the 
relationship between population growth and deforestation examined forest cover and national-
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level population growth. This work was able to test whether nationwide population growth 
created pressure for deforestation, and in numerous cases, found a positive relationship between 
population growth and deforestation, supporting a neo-Malthusian narrative (Bhattarai and 
Hammig 2001; Ehrhardt-Martinez 1998; Rudel 1989). However, this research left unanswered 
the question of whether rural population growth is a more significant determinant than urban 
growth. Research based on data from the 1980s and 1990s suggests that urban population growth 
has a negative relationship with deforestation (Jorgenson and Burns 2007). Wright and Muller-
Landeau (2006) argue that because rural population density has been shown to be negatively 
correlated with forest cover in many circumstances, that rapidly growing urban populations will 
reduce pressure on forests. However, more recent research has found the opposite, that 
deforestation may be more related to urban growth than rural growth due to higher consumption 
levels in cities (DeFries et al. 2010). Part of the explanation of this divergence may be that more 
recent processes of globalization and opportunities for agricultural intensification are altering 
previous patterns of population-deforestation interactions. Global trade is serving as a 
mechanism that allows population growth and resource harvesting to act as spatially segregated 
processes (Lambin and Meyfroidt 2011; Meyfroidt et al. 2010), with land clearing in developing 
regions often driven by rising demand and affluence from the Global North (Weinzettel et al. 
2013). 
In the context of South America, population-deforestation relationships have varied 
across scales, with high rates of deforestation sometimes occurring despite relatively low rates of 
rural population growth, and even population decline in some regions (Carr et al. 2009; Perz 
2002). This suggests that the patterns of deforestation in the region are increasingly capital-led 
and mechanized in part because of the growing road infrastructure in the region that facilitates 
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access to forests as well as transport of resources to markets outside of forest frontiers (Barber et 
al. 2014; Southworth et al. 2011). Moreover, the decline in the need for on-farm labor to clear 
forests has enabled high rates of rural-urban migration in Latin America without losses in 
agricultural productivity (Aide and Grau 2004). In addition, a shift to less labor-intensive 
(though often more capital-intensive) land use patterns, such as cattle ranching, makes it feasible 
for farms to operate without high labor inputs (Pan et al. 2007; Rudel et al. 2002). Thus, these 
trends point to the role of urban population growth and demand from urban areas as being an 
increasingly important driver of forest cover loss in the region. As recent population growth 
estimates suggest that rural populations in South America are likely to either shrink or grow far 
more slowly than urban populations in the coming decades (United Nations 2015), urban growth 
is likely to play an even greater role in impacting future forest cover.  
Moreover, the timing of forest settlement may also serve as a key link between 
population and deforestation and affect whether neo-Malthusian or Boserupian patterns 
predominate. Pfaff (1999) notes that the impact of population growth on forests may be 
disproportionately greater for the first settlers to a forest frontier, who clear relatively large forest 
areas to begin farming, but subsequent population growth results in less clearing (Laurance et al. 
2002; López-Carr 2012). However, more recent in-migrants may settle on land more distant from 
existing settlements, where land is more abundant and more forest is likely to exist. This may 
lead to higher rates of deforestation among new settlers, even if these individuals were not part 
of early settlement waves (Brondízio et al. 2009). Forest clearing and changes in land use 
patterns to more extensive forms such as pasture may also trigger rural-rural migration as some 
household members are no longer needed for farm labor, which can perpetuate deforestation 
processes in other parts of the frontier long after initial settlement (Barbieri and Carr 2005).    
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In addition to literature exploring how scale and timing impact forest cover change, 
related research has explored how fertility and land use behaviors are interconnected at the 
household and farm levels, and often express bidirectional relationships. A robust body of 
literature explores the impacts of land use characteristics on fertility, often through one of two 
hypotheses, the land-labor demand hypothesis, which specifies that an increase in available land 
area but limited capital and labor inputs tends to lead to higher fertility in order to provide more 
labor for farm activities, provided that returns exist for increased labor input (Cain 1985; 
Caldwell 1978; Stokes et al. 1986), as well as the land security hypothesis, which argues that 
tenure security can serve as a substitute for childbearing, since secure landholdings can provide 
households with greater income security, obviating the need to have additional children to 
provide support in old age (Schutjer et al. 1983). These hypotheses have been tested empirically 
in a number of settings around the world (Ghimire and Hoelter 2007; Hiday 1978; Pan and 
López-Carr 2016; Sutherland et al. 2004), and are explored briefly below in the model examining 
the impact of family planning use on fertility.  
The primary aim of this study, however, is to test relationships between fertility decisions 
(as understood through decisions regarding family planning use) and forest cover change. To 
explain demographic-land use relationships, much of the existing literature has centered on 
household life cycle hypotheses. Originating with Chayanov (1986), household life cycle 
hypotheses argue that land cover change is a function of household size, with the growth of labor 
in the household (typically young men), likely to be associated with land clearing and land use 
intensification in order to provide for household consumptive purposes. Various studies 
exploring deforestation in South America have modeled the impact of household life cycle 
factors, though the results have been mixed in support of household life cycle theories (Barbieri 
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et al. 2005; McCracken et al. 2002; Perz 2001; Perz and Walker 2002; Pichon 1997; VanWey et 
al. 2007; Walker et al. 2002). As VanWey et al. (2007) note, one of the key limitations of 
household life cycle analyses is that they fail to account for non-household factors in determining 
household labor allocations. Increased trade of crops and livestock leads to production not 
intended for household consumption, resulting in land use and labor allocation decisions based 
on factors other than the household population. In addition, vibrant labor markets in many 
frontier settings mean that households may opt to expand production by hiring non-household 
members, or participate in these labor markets by sending household members to work off farm 
(Barbieri and Pan 2013). This is in line with findings above, that forest cover change is occurring 
in South America often without additional labor inputs.  
An alternative explanation for effects predicted by household life cycle hypotheses is that 
smallholder farms have their own life cycles, independent of demographic changes, such as 
through processes of agricultural intensification (Boserup 1965) or extensification (Bilsborrow 
1987). Farm life cycle theories posit that farmers tend to move from intensive to extensive 
agricultural practices on a given piece of land (thus, affecting the amount of forest cover 
remaining), but that the speed and extent to which this transition occurs depends on the duration 
of occupancy as well as property size (Aldrich et al. 2012; Barbieri et al. 2005; VanWey et al. 
2007). Both household and farm life cycle theories are tested in the models below linking family 
planning use to forest cover change.  
In addition to arguments on how and why population growth impacts forest cover, 
another body of literature examines the effects of family planning programs and their impact on 
demographic change. Voluntary, rights-based interventions that promote the use of family 
planning have been demonstrated to have an impact on lowering fertility rates (Angeles et al. 
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2005; Pörtner et al. 2011; Sinha 2005). However, despite the enormous reductions in global 
fertility that have taken place during the past half-century, there are a number of places around 
the world where transitions to lower fertility have slowed, most notably in rural sub-Saharan 
Africa (Bongaarts 2008), but also in places like the Brazilian Amazon, where fertility rates 
continue to be substantially higher than in other parts of the country (Potter et al. 2010). Because 
of the association that some scholars have made between rural population growth and forest 
cover loss, particularly in areas where forest clearing and agricultural processes are labor-driven, 
there is growing pressure to adopt more effective family planning programs (Cleland et al. 2006).  
This study examines the role that slower rural population growth, achieved through 
family planning use, may have on forest cover change. Thus, the study does not address the 
increasing spatial segregation of population growth and forest cover change that is being 
observed in some South American forest frontiers. However, the first part of the study covers the 
1990s, a period when road access to outside markets from the study site was more limited, and 
when capital-intensive pasture was less common (Pan et al. 2004). This suggests that there may 
have been a stronger relationship during this period between rural population growth and forest 
cover change than would be found today, because farm labor allocation and household 
consumption may have been more closely related at that time. In addition, this study addresses 
the potential temporal relationship between population growth and forest cover change because 
of its focus on early settlers. However, unlike earlier work that centers on the impact of in-
migrants, this study emphasizes the role that natural population growth may have in affecting 
forest cover change. 
Context: The Northern Ecuadorian Amazon  
This study is set in the Northern Ecuadorian Amazon (NEA), one of the world’s foremost 
biodiversity hotspots, and home to a variety of endemic rainforest species (Bass et al. 2010; 
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Mosandl et al. 2008). Before the discovery of oil in 1967, the region was largely uninhabited, 
aside from small groups of indigenous persons (Bilsborrow et al. 2004). Since the discovery of 
oil, the region has received rapid inflows of in-migrants and financial capital to provide support 
for the petroleum industry (Gray et al. 2008). Roads installed to lay pipelines for petroleum 
extraction have also facilitated human settlement deep into the Amazon, opening up virgin 
rainforest for agriculture, resulting in high levels of deforestation (Finer et al. 2008). In addition, 
the Ecuadorian government has provided land titles to many migrant farmers, which has 
formalized migrant colonization and stimulated deforestation processes, as land titles may serve 
as collateral for agricultural loans (Bilsborrow et al. 2004). The pace of deforestation in the 
region has slowed since the 1990s, however (Holland et al. 2014). As the frontier has matured, 
reforestation is also occurring, though primary forest continues to be lost and degraded.    
Population growth in the three provinces that make up the NEA (Napo, Orellana, and 
Sucumbios) has been quite high, fueled by elevated fertility and in-migration from other regions 
of Ecuador. Between 1990 and 2010, the population in the NEA grew by roughly 131% to over 
416,000 persons, compared with 50% population growth nationally during the same period 
(INEC 2011). However, fertility rates have fallen considerably in the region among settlers (Pan 
and López-Carr 2016), though very little among indigenous groups (Davis et al. 2015). As the 
forest frontier has receded, much of this population growth is occurring around the burgeoning 
urban areas of Coca and Lago Agrio, leading to increasingly large, settled, and concentrated 
populations in the region (Bilsborrow et al. 2004).   
Historically, family planning services in the Amazon have been provided by a mix of 
public and private sources. The first high-quality survey providing information on family 
planning access in the Amazon (not restricted to solely the NEA), conducted in 1999, notes that 
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private sources of family planning access, such as pharmacies, tend to be more popular for most 
contraceptive methods, with the exception of female sterilization (CEPAR and CDC 1999). 
Although public facilities were required by law to provide modern contraceptives during the 
survey period, access to such services varied widely within the region, with more accessible and 
reliable services often found in or near cities, but less so in some rural areas due to shortcomings 
with commodity distribution and financing (Goicolea 2001; Goicolea et al. 2008).   
Regarding land use change, both intensification and extensification of land use have been 
observed in the NEA (Barbieri et al. 2005; Pan and Bilsborrow 2005). Plot fragmentation has 
occurred, which in turn incentivizes land uses that require less area, such as annual and perennial 
crop agriculture, with crops such as coffee and cacao being popular among farmers. Road 
infrastructure has been expanded, allowing farmers to access increasingly remote lands. This has 
helped to drive extensification in the region, largely for cattle ranching (Barbieri et al. 2005; 
Mena et al. 2006). The development of infrastructure has helped to further integrate the NEA 
into national and global economies, which may affect forest clearing decisions. For instance, 
recent evidence suggests that most of the timber produced in the NEA is consumed outside of the 
region (Carrasco et al. 2014). Small-scale farmers, rather than large business interests, have been 
the primary agents of forest cover change in the NEA (Pan and Bilsborrow 2005). Previous 
literature examining forest cover change in the NEA has explored a variety of household- and 
farm-level indicators linked to deforestation. These include farm size, distance to nearest road, 
distance to nearest community, male and female head of household level of education, household 
size and composition, possession of secure title, number of livestock, access to electricity, 
topography, soil quality, amount of hired labor, time spent by household members in off-farm 
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labor, and number of household outmigrants (Mena et al. 2006; Pan et al. 2007; Pan and 
Bilsborrow 2005), factors which are accounted for in the analysis below.  
Methods 
This study combines the use of spatial and household survey data. Spatial data 
representing forest cover were extracted from a dataset produced by Ecuador’s environment 
ministry (Ministerio del Ambiente; MAE) which provides information on forest and non-forest 
cover in 1990, 2000, and 2008 (MAE 2011). Forest cover was defined using IPCC guidelines, 
with forest defined as tracts at least 1 ha in size with trees of at least 5 m in height, and with a 
minimum of 30% canopy cover, which includes primary forest, as well as some areas of 
secondary forest (MAE 2012). Deforestation and reforestation data using farm boundaries (as 
described below) were extracted separately, and data on net change in forest cover were 
calculated. MAE data were generated using a combination of Landsat and ASTER satellite 
imagery with 30 m
2
 resolution, and ground-truthed using over 3,500 calibration points (MAE 
2012). Pixel-level changes in forest cover are used to determine deforestation and reforestation 
over time. These data were chosen over other recent forest cover change time series (e.g., 
Hansen et al. 2013), because they provide a complete set of validated forest cover data for the 
time series spanning both of the 1990s household surveys and beyond.  
In 1990 and 1999, a UNC-led team conducted a household panel survey in the NEA, 
exploring the impact of settlers on demographic and land use change in the region (Bilsborrow et 
al. 2004). Data from the survey have been used to explore a range of demographic and economic 
topics such as fertility (Carr et al. 2006; Pan and López-Carr 2016), migration (Barbieri and Carr 
2005; Barbieri et al. 2009), off-farm employment (Barbieri and Pan 2013), and deforestation and 
land use change (Barbieri et al. 2005; Mena et al. 2006; Pan et al. 2004, 2007; Pan and 
Bilsborrow 2005; Pichon 1997).  
17 
 
The UNC team surveyed households on farms of approximately 50 ha (finca madres) 
designated in the NEA, and is longitudinal with respect to the farms, not to the households 
(Barbieri et al. 2005).
1
  Farms were sampled using a two-stage process, first by selecting 
settlement areas (sectors), and then within each sector, selecting a sample of farms. Both of these 
steps were conducted using probability proportional to size sampling (Bilsborrow et al. 2004). 
While most of the farms in 1990 contained only one household, a process of subdivision 
occurred during the study period, resulting in substantial growth in the number of households on 
farms by 1999. The 1990 study contained 418 households on 398 farms, while the 1999 study 
surveyed most of the previous households, as well as new households that had developed on the 
original farms, yielding a total of 653 households on 377 farms with complete questionnaires. 
The 1990 sample represented roughly 6% of the region’s population at the time (Bilsborrow et 
al. 2004). Not all of the original 1990 households were represented in the 1999 study, as some 
households left the region entirely and a small number of farms were not resampled due to 
security concerns. The timing of the survey coincides well with the collection of spatial data, 
making it ideal for use with the MAE imagery. Imagery from 1990 is paired with 1990 survey 
data, and 2000 imagery is paired with 1999 survey data in the forest cover change models below. 
Separate questionnaires were implemented for male and female heads of household, with 
the former asked primarily about land use, livestock, and labor practices while the latter were 
asked about household demographics (including fertility and migration), family planning use, 
and living conditions. Male interviewers conducted interviews with male household heads and 
female interviewers with female household heads. Additionally, fieldwork by UNC staff 
                                                          
1
 Throughout this paper, the term “farm” refers to the larger finca madres, the boundaries of which do not change 
during this study. The term “plot” refers to land controlled by a household within a farm, and may change between 
the two surveys. For example, if a household split, and the son of an existing head of household took control of part 
of the household’s plot, forming a new household, then the plot size for the original household would decrease, but 
the overall farm size containing these plots would not change. 
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established farm-level boundaries for 367 farms. All farms in six sectors did not have boundaries 
established due to data gathering limitations in the field, and researchers were unable to establish 
precise boundaries for each household plot within the farms. Each household surveyed had a 
minimum of 1 ha of land in its possession (households with less land were excluded from data 
collection on land use practices).  
Data for the models below comes from both the male and female household surveys. 
However, only female heads of household of reproductive age (15-49) were asked whether they 
currently use family planning. Other female members of the household, even if they were of 
reproductive age, were not asked about family planning use. Each household has only one female 
head. Thus, the models only include family planning information for one female per household. 
Family planning use was recorded as a categorical variable, with households classified into one 
of three categories. Households with a female head age 15-49 were classified as users or 
nonusers, while households with a female head outside of that age range, with an infecund head, 
or without a female head were classified as ineligible. The method of family planning was also 
recorded.
2
 Chi-square analyses show that the likelihood of using family planning and the 
methods chosen did not significantly differ between women in different provinces, suggesting 
that selective access to certain methods is not affecting the method mix chosen.
3
 
Control variables include household and farm demographic and land use characteristics. 
Most of these were taken from the household survey, with the exceptions of distance to nearest 
                                                          
2
 Some methods are more effective at preventing pregnancy by design or because of lower rates of user error 
(Trussell 2011). However, treating family planning use as a continuous variable, weighted by the method’s 
effectiveness at preventing pregnancy (taken from Trussell 2011), did not significantly change model results 
presented below and is not shown. Similarly, treating users of traditional family planning methods (rhythm and 
withdrawal) as nonusers did not affect the significance of the effects of FP use in the models and is also not shown. 
Frequency or accuracy of family planning use was not measured by the household survey. 
 
3
 As there are a large number of sectors in the survey relative to the number of households, it was not possible to 
examine differences in family planning access at the sector level (finer resolution than the provincial level).   
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road, which was generated using road network data from 1990 and 1999 collected by UNC 
researchers, as well as farm area and distance to nearest community, which were calculated using 
UNC-collected spatial data on farm boundaries and community locations. 
Because precise boundaries for land managed by individual households are not available, 
forest cover change can only be measured at the farm level. As a result, information from the 
individual household surveys must be weighted up to the farm level in order to provide their 
representation at the farm level, since multiple households exist on some farms. Some variables, 
such as household population, can be added together to yield their farm level equivalents. 
However, other variables, including family planning use, are not additive, and required the use of 
weights to yield a farm-level value.
4
   
As there has been little research on the linkages between family planning use and 
environmental change, there are no a priori weights to use in aggregating household-level data to 
the farm level. Models were run with identical independent covariates weighted using three 
different estimators representing plausible mechanisms for how household-level factors may 
affect forest cover change. Households on the farm with more land under their control may be 
more influential in spurring farm-level deforestation as they have more potential land to clear. 
Therefore, the first weight tested is plot size as a share of farm size. Alternatively, households 
with a greater share of the farm’s forest cover may be more influential in generating 
deforestation. Thus, the second weight tested uses forest cover on household plots as a share of 
the overall forest cover on the farm. Finally, existing land use may have no bearing on future 
deforestation by households within the farm. Rather, each household may opt to deforest based 
                                                          
4
 With regard to female head of household age, a simple regression of female head age on male head age was 
conducted and used to impute missing values for female heads in households without female heads. This is because 
households with and without female heads were present on the same farms in some instances and ignoring missing 
values generated misleading results due to the weighting. An indicator of whether at least one household in the farm 
lacked a female head is included as a covariate in the longitudinal models below, but not shown. 
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on its consumptive needs on the farm, regardless of land or forest availability. Consequently, the 
third weight uses number of plots on the farm, and is calculated as (1/p) where p represents the 
total number of plots on the farm. After running the models below, family planning results did 
not differ significantly between the three weights, and for simplicity, only results using the plot 
size weight are shown. 
The models below explore the impact of family planning decisions, among other factors, 
on forest cover change. Three sets of models were run, examining deforestation, reforestation, 
and net forest loss, using predictor variables from 1990 to calculate forest cover changes between 
1990-2000 and predictor variables from 1999 to calculate forest cover changes between 2000-
2008. Aggregate pixel counts for forest cover change are used because this indicator more 
directly examines regional-scale forest change as opposed to an indicator of share of forest cover 
on the farm, which captures farm-level change. Descriptions of the outcome and predictor 
variables are presented in Table 2.1.  
In addition to these covariates, interaction terms between time and family planning use 
and ineligibility were added to the models to test whether family planning had different impacts 
over the study period. Since the rate of deforestation in the region was not constant during the 
study period (with substantially higher rates of forest loss from 1990-2000 than between 2000-
2008; Holland et al. 2014), it is possible that family planning had different impacts on forest 
cover during the early settlement period as opposed to the later period of more mature settlement.  
Deforestation and reforestation models were run using a negative binomial regression, as 
number of forest pixels lost or gained is a count outcome with positive integer values. A negative 
binomial specification (as opposed to a Poisson model) was preferred due to overdispersion in 
the outcome variables (variance greater than the mean). Two specifications were run, a pooled 
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version, with all farms in the sample at both time points, and a fixed effects version that 
controlled for the effect of time-invariant farm characteristics, and was limited to the subsample 
of farms that had observations in both 1990 and 1999.
5
  The pooled model did not yield 
significantly different results from hierarchical mixed models with random slopes for sector or 
farm that were also tested. As noted by Allison (2009), a conditional fixed effects model that 
controls for observed time invariant characteristics cannot be calculated when data are negatively 
binomially distributed. As an alternative, an unconditional maximum likelihood model with 
farm-level fixed effects was used to control for farm-specific time-invariant characteristics. This 
model generated a unique coefficient for each farm in the panel. In both the pooled and fixed 
effects models, standard errors were clustered at the sector level to account for within-sector 
correlation (Huber and Ronchetti 2009). This model is specified as: 
ln⁡(𝑌𝑓𝑠𝑡+1) = ⁡𝛼 + ⁡𝛽𝑋𝑓𝑠𝑡+⁡𝑢𝑓𝑠 
 
Where: Yfst+1 represents the number forest pixels measured in farm f in sector s at time 
t+1; α is a common intercept; β represents the effect of Xfst, a matrix of farm-level variables at 
time t; ufs represents between-sector error. Negative binomial model coefficients can be 
exponentiated to be represented as incidence rate ratios. These may be interpreted as the 
multiplicative change in event frequency (in this case, deforesting or reforesting one pixel in the 
time period examined) associated with a one unit change in a model variable, holding all other 
variables constant. Additionally, a linear regression model was run using random and fixed 
effects estimators to measure net forest loss. A change in estimator was necessary because net 
forest loss can have positive or negative values, which cannot be modeled with a negative 
binomial estimator. Note that in the pooled models, farms with 100% forest cover were excluded 
                                                          
5
 Of the 358 unique farms included in the study, 314 had observations in both time periods. Of these 314, 18 lacked 
forest in 1990, and 29 had all forest in 1990, which were dropped from the deforestation and reforestation panel 
models respectively. 
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from reforestation analyses and farms with 0% forest cover were excluded from deforestation 
analyses, as such farms are not informative for understanding reforestation or deforestation 
respectively. Farms that exhibited these characteristics in 1990 were dropped from the fixed 
effects models. No farms were excluded from the net forest loss analyses because of existing 
forest cover (or lack thereof). 
The results in the models described above are compared against a model that examines 
the impact of family planning use in 1990 on the number of children living in the household born 
between 1990 and 1999. If family planning use is predictive of fertility, but family planning use 
is not predictive of deforestation, then this suggests that the relationship between fertility and 
deforestation in this context is weak. However, this prediction is limited by the fact that the 
models are being run at different levels (family planning on fertility at the household level, but 
family planning on deforestation at the farm level), as well as the fact that the family planning-
fertility relationship is only examined in one period of the study (due to lack of a follow-up 
survey in 2008).  
The fertility model was run with the subset of households with female heads of household 
age 15-40 in 1990 who were the same female heads surveyed in 1999. This age range was 
chosen to solely examine women who would not have completed their reproductive lifespan by 
1999 and measure the effect of family planning use on childbearing as opposed to the effects of 
advanced age on childbearing. Women who were ineligible to use family planning due to age 
were excluded from this model. As was the case for the deforestation and reforestation models, 
due to overdispersion in the number of children living in the household, a negative binomial 
specification was adopted. 
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The number of children ages nine or below in 1999 (chosen because of the interval 
between the two household surveys) were regressed on family planning use and the model 
covariates discussed above to assess the impact of family planning on fertility. These covariates 
were chosen to match the covariates above in order to demonstrate the differences between the 
drivers of fertility and forest cover change processes in the region.
6
 Variables dependent on 
spatial data (distance to road and fraction of land in forest) were removed as some of the 
households lacked this information due to the spatial data limitations discussed above. Internal 
family units were used to separate children of the female head of household from other children 
living in the household (such as grandchildren) in order to specifically estimate the impact of the 
female head’s family planning use on fertility.7 Standard errors were clustered at the sector level 
as described above.  
Results and Discussion 
Deforestation occurred rapidly during the 1990-2000 period, but slowed significantly 
between 2000 and 2008 as the frontier matured and less forest was available for clearing (Table 
2.2). Reforestation exhibited the opposite pattern, with substantially greater reforestation 
occurring in 2000 to 2008 period, in line with the reduction in deforestation. As a result, net 
forest loss was substantial between 1990 and 2000, with 87% of farms showing a net loss of 
forest during this period. This compares to a negligible decrease in forest cover between 2000 
and 2008, suggesting that in the aggregate, reforestation from secondary growth is occurring at 
roughly the same pace as new deforestation in the study farms. Between 2000 and 2008, 41% of 
farms experienced forest cover gain, and an additional 13% experienced no net change in forest 
                                                          
6
 As noted in Table 2.1, several of the variables that were summed to the farm level for the forest cover change 
models were included in the fertility models, but with their household-level values instead. 
 
7
 Due to data limitations, children who moved away from the household or who were born and passed away could 
not be included in this analysis, though the number of children in each category is only roughly 3% of the total 
number of children age nine or below living in households in 1999. 
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cover. For all three outcomes, the relatively high standard deviations suggest considerable 
variability among farms in terms of forest cover changes.  
Overall, family planning use in 1990 was negatively and significantly associated with 
fertility (Table 2.3). Unsurprisingly, younger women were more likely to give birth, as were 
women in larger households. Higher educational attainment was associated with fewer births, 
consistent with other literature (e.g. Derose and Ezeh 2005; Lam and Duryea 1999), though in 
this model, the effect was only significant for the male head. This may be the result of a cohort 
effect among women in the sample, as those with more education tended to be younger, and thus, 
had not completed childbearing (Pan and López-Carr 2016). Land use (including plot area), and 
land tenure variables were not significant in the model, suggesting weak support for the land-
labor and land security hypotheses in these data after controlling for household demographics 
and family planning use. Given that family planning use may be a proxy for fertility intentions 
(with users less likely to desire additional children), a logistic model examining the relationship 
between household and land use covariates and family planning use was run. Results from these 
models (not shown), also showed weak relationships between plot size and family planning use 
as well as land tenure and family planning use. An important caveat with both sets of models is 
that the sample size was significantly smaller than the number of households surveyed because 
many female heads of household changed or were no longer eligible to use family planning 
between 1990 and 1999.  
Despite the strong impact of family planning use on fertility at the household level, no 
effect was found between family planning use and deforestation, reforestation, or net forest 
change at the farm level (as measured by changes in forest pixels over time), regardless of the 
weights tested. Table 2.4 presents findings with the pooled/random effects models shown in full, 
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and the fixed effects results for family planning variables shown below as a check on the 
previous findings. Neither the pooled/RE nor the FE models showed significance for family 
planning use. This suggests that family planning decisions at the farm level were not 
independently significant factors in determining forest cover outcomes once other demographic 
variables were included in the model. Two models are shown for each outcome, with one of the 
model variants containing time-varying indicators for family planning use and ineligibility. The 
insignificant results for these covariates illustrate that the impacts of family planning on forest 
cover change did not significantly change between the two periods. In most cases, control 
variables had effects in the directions predicted. An alternate model specification that included 
only farms eligible to use family planning due to the presence of a female head of reproductive 
age did not significantly change model results and are not shown.
8
   
Deforestation model findings (first and second columns of Table 2.4) suggest that the 
amount of land deforested is largely a function of the amount of forest available to cut as well as 
indicators of intensive (crop) agriculture. Although some research in the Amazon has associated 
male farm labor with deforestation (Marquette 1998; Pan and Bilsborrow 2005), this may not be 
true in our study because of the evolution of forest cover change patterns since periods of earlier 
research, as agricultural activities in the region have shifted further towards cattle ranching, 
which is less labor-intensive, but is strongly associated with deforestation. Such activities often 
occur later in a farm’s existence, which is corroborated by the fact that female head of household 
age was negatively associated with deforestation. High-quality (black) soil was associated with 
higher deforestation, suggesting that land more valuable for crop agriculture was more likely to 
be deforested. Farm area and fraction of farm in forest were both positively associated with 
deforestation, which is unsurprising given that farms with more trees have more opportunities for 
                                                          
8
 In these models, the fixed effects sample was limited to farms with a woman of reproductive age in 1990 and 1999. 
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deforestation. Distance to nearest road and community were negatively associated with 
deforestation, consistent with earlier literature on forest cover change in the NEA which suggests 
that accessibility to forests is strongly associated with whether they will remain standing (Mena 
et al. 2006; Pan et al. 2004).  
Reforestation (third and fourth columns of Table 2.4) appears to have distinct drivers 
from deforestation in this context, and is not necessarily a process driven by deforestation drivers 
moving in the opposite direction. A major driver of reforestation appears to center around cattle 
ranching and associated farm labor needs. Cattle ranching is land-intensive, but does not require 
large quantities of labor. This is consistent with the fact that hired labor on the farm was 
positively associated with reforestation, suggesting that farms which adopted more labor-
intensive agricultural strategies had spare land that could be left fallow for secondary 
reforestation. This fallow land may be later cleared and rotated with cultivated land in line with 
established patterns of shifting cultivation cycles in the Amazon (Perz and Walker 2002). By 
contrast, farms that adopted less labor-intensive ranching had less of a need for outside labor. 
Also consistent with this story is that the number of cattle on the farm was significantly and 
negatively associated with reforestation, and that less reforestation occurred when owners had 
land titles (which may incentivize investment in capital-intensive ranching). Additionally, having 
flat land, which earlier literature notes is often associated with use for pasture (Pan and 
Bilsborrow 2005), was also negatively associated with reforestation. Farms where households 
had been present for longer periods of time experienced more reforestation, possibly because 
they opted to leave more land fallow as it became exhausted through agricultural activities. In 
addition, such households may be more likely to have shifted through a farm life cycle, with 
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extensive agricultural practices occurring after earlier intensive practices that may have spurred 
initial deforestation (Barbieri et al. 2005).  
Net forest loss (fifth and sixth columns of Table 2.4) appears to be largely associated with 
indicators of cattle ranching, consistent with the explanation for reforestation that suggests farms 
which were engaged in large-scale cattle ranching were less likely to leave land fallow and allow 
it to return to secondary forest. Flat land, having more cattle on the farm, and hiring less outside 
labor are all positively associated with net forest loss. Moreover, farms that held secure land title 
experienced greater net forest loss. As was true with deforestation, fraction of farm in forest was 
positively associated with net forest loss, while distance to road and community were negatively 
associated, suggesting that availability and ease of access to forests is a key driver of their 
destruction. Thus, unlike deforestation, which does not appear to be proximately associated with 
indicators of cattle ranching, net forest loss is largely determined by the land use and spatial 
characteristics that are associated with pasture. In the fixed effects model, family planning 
ineligibility is significantly related to net forest loss, though this is not informative for 
understanding the effect of family planning use on forest cover, and is likely associated with a 
life cycle effect (as farms that are ineligible to use family planning tend to have older heads and 
are more established than eligible farms). 
These findings are interesting in light of the fact that recent research published in this 
Journal found linkages between fertility and deforestation, though did not test the influence of 
family planning variables (Pan and López-Carr 2016). As we found a relationship between 
family planning use and fertility, it would be expected that we would find a relationship between 
family planning use and deforestation, given findings from previous research. However, the fact 
that we did not may suggest that differences in study timing (our study periods partially overlap, 
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though we examine a more recent time period, later in the demographic transition in the NEA) 
and data sources used to measure deforestation (as well as the use of interpolation by Pan and 
López-Carr) may have led to differences in results. Moreover, our findings also reflect the 
challenges we faced in aggregating up the family planning variable from the household to the 
farm level, as the family planning indicator in our study is not reflective of decisions by all 
women of childbearing age.   
Conclusion 
These findings suggest that family planning use is connected with fertility in the NEA 
context, but that family planning use is not associated with forest cover change, even at early 
stages of settlement. This work suggests that the use of family planning is unlikely to alter 
deforestation trends in this setting relative to other household- and farm-level drivers of forest 
cover change. Drivers of fertility center on household demographic characteristics, whereas 
deforestation drivers tend to be variables associated with families cutting down forest to engage 
in intensive agriculture. As farms move through a farm life cycle, where owners often elect to 
replace crop agriculture with higher-value cattle ranching, reforestation is largely determined by 
indicators closely associated with cattle adoption. Farmers with large ranches appear reluctant to 
allow land to become fallow. These patterns are also reflected in the models on net forest change, 
suggesting that whether land remains in forest is depends on the speed and extent to which 
farmers opt to transition between intensive and extensive agricultural practices. Given the lack of 
significance of family planning variables in these models, there is a need to examine different 
pathways between population and land use change, and in particular, to explore how changes in 
population distributions and consumption patterns are associated with forest cover change.   
This analysis is limited by the construction of the family planning variable, which only 
includes information on the female head at the time of the survey, and lacks information on the 
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regularity of method use, which is indicative of how likely it is that family planning will prevent 
pregnancy. Additionally, this analysis is unable to solve the endogeneity problem between family 
planning use and forest cover change. Forest cover may be affected as a result of family planning 
use, (by reducing population growth, and in turn demand for forest or agricultural products). 
Conversely, family planning use may be impacted by forest cover (for example, due to increased 
demand for household labor, women who are engaged in deforestation activities could substitute 
family planning as a way to provide short-term farm labor instead of spending as much time 
taking care of children).
9
 In addition, this analysis only addresses on-farm forest cover change, 
and does not examine family planning impacts on forest cover change on other farms, which may 
result from the provision of surplus labor due to nonuse of family planning. Additionally, such 
impacts could occur from rural-rural migration, which is common in the region, particularly 
among young men who work as farm laborers (Barbieri et al. 2009). 
These results suggest the importance of exploring the relationship between family 
planning and forest cover change at different scales, and in particular examining how family 
planning use by consumers of products that drive deforestation impacts forest cover change. This 
work will require linking data on deforestation, sales of commodities from deforested areas, as 
well as family planning and socioeconomic data from areas where products produced in 
deforested areas are consumed. Trade flows have already been linked to land cover change and 
displacement patterns (e.g. DeFries et al. 2010; Weinzettel et al. 2013; Yu et al. 2013), although 
it should be noted that current methodologies for this research have important limitations 
associated with them (Kastner et al. 2014). While daunting, such multiscalar analyses, 
incorporating indicators of consumption as well as demographic and family planning variables 
                                                          
9
 One strategy for addressing this problem is by using an instrument, such as distance to clinic, to isolate the family 
planning use that took place due to clinic distance. However, location information on family planning providers is 
not available for this time period in the NEA, so this strategy is not possible. 
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are a necessary next step in understanding the relationship between population growth and forest 
cover change, given the increasingly globalized and marketized drivers of deforestation.  
In addition to understanding the ultimate drivers of resource consumption patterns, one of 
the key challenges for researchers testing hypotheses between family planning use and land 
cover change is the relative timing of the events that lead to land cover change. Deforestation as 
a result of human settlement can occur relatively quickly in forest frontiers among initial settlers 
(Pfaff 1999). However, this deforestation is driven largely by the role of in-migration, not births. 
As the frontier develops, land is cleared and becomes scarcer as the population grows. It is only 
then that births play a considerable role in household land use decisions. Family planning may 
serve to mediate the relationship between births and land use change, but this takes place well 
after much of the primary forest cover has been lost. Yet frontier development occurs 
simultaneously with the progression of household life cycles, making it challenging to 
disentangle the role, if any, that family planning use has in changing land cover with other long-
term trends such as household aging and the fragmentation of property among a growing number 
of households.   
Thus, the lack of significance of family planning as a factor influencing proximate forest 
cover in short time spans suggests that if there are positive impacts on forest cover resulting from 
family planning use, these are likely to be diffuse and occur over long time frames. The adoption 
of other policies to fight deforestation, by expanding protected areas and creating payments for 
ecosystem services programs (as Ecuador has done with the launch of its Socio Bosque payments 
for ecosystem services program; De Koning et al. 2011), are likely to more effectively promote 
conservation goals than family planning does. However, family planning is likely to improve 
development and health outcomes for women by reducing unwanted fertility. These benefits, 
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even in the absence of separate impacts on conservation outcomes, suggest that family planning 
should continue to be promoted in developing country settings. 
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Tables 
Table 2.1: Variable descriptions 
Dependent Variables Description 
Deforestation Number of forest pixels changed to nonforest 
Reforestation Number of nonforest pixels changed to forest 
Net Forest Loss Net loss of forest pixels (deforestation-reforestation) 
Farm Variables Description 
Time Household measured in 1990 (t=0) or 1999 (t=1) 
Population* Number of individuals living on farm 
Working-Age Males* Number of working-age males (age 15-64) living on 
farm 
Outmigrants* Number of migrants departed from farm (from 1980-
1990 for 1990 survey; from 1990-1999 for 1999 survey) 
Off-Farm Employment* Months of off-farm labor provided by individuals on 
farm in 12 months prior to survey date 
Hired Labor* Months of labor hired by households on farm in 12 
months prior to survey date 
Cattle* Number of cattle on farm 
Female Head of Household Age* Mean age of female household heads on farm 
Subdivisions Number of subdivisions on farm 
Forest Cover Share Proportion of farm with forest cover 
Farm Area* Area of farm in hectares 
Distance to Road Walking distance to nearest road 
Distance to Community Euclidean distance to nearest community 
Household Variables Description 
Family Planning Use Current use of family planning method by female head 
of household 
Family Planning Nonuse Current nonuse of family planning method by female 
head of household (reference in models) 
Family Planning Ineligibility Ineligibility for family planning use (due to age, 
infecundity, or lack of female head) 
Years of Education, Male Head Estimated years of education of male head of household. 
Years of Education, Female Head Estimated years of education of female head of 
household. 
Land Title Possession of land title in household 
Years Present Number of years household has lived on farm 
Flat Land Plot consists primarily of flat land 
Black Soil Black soil on household's plot 
Electricity Electricity available in household 
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Note: For use in the fertility model in Table 2.3, variables with asterisks (*) were not added from 
different households to yield farm values. Rather, since this model was run at the household 
level, the values for these variables from each household were used instead. For use in the farm-
level models in Table 2.4, household variables are scaled up to the farm level using household 
plot-size weights. 
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Table 2.2: Summary statistics 
Variables   1990-2000 2000-2008 
Dependent Variables Unit Mean  Std. Dev. Mean Std. Dev. 
Deforestation pixels 152.66 117.18 35.30 42.59 
Reforestation pixels 8.41 21.47 33.86 49.10 
Net Forest Loss pixels 144.25 122.64 1.44 66.49 
Farm Variables   1990 1999 
Time binary 0 0 1 0 
Population persons 7.61 4.46 10.33 7.74 
Working-Age Males persons 2.16 1.40 3.11 2.40 
Outmigrants persons 0.84 1.29 0.66 0.65 
Off-Farm Employment months 2.73 6.52 0.95 1.22 
Hired Labor months 6.10 12.40 1.70 2.52 
Cattle integer 8.46 25.61 8.36 17.35 
Female Head of Household Age years 40.21 12.33 39.85 10.94 
Subdivisions integer 1.11 0.39 1.78 1.28 
Forest Cover Share fraction 0.61 0.31 0.34 0.27 
Farm Area ha 47.90 11.34 47.94 11.22 
Distance to Road km 0.90 1.10 0.57 0.37 
Distance to Community km 3.59 2.50 3.53 2.42 
Household Variables           
Family Planning Use fraction 0.23 0.41 0.31 0.43 
Family Planning Nonuse fraction 0.43 0.49 0.32 0.43 
Family Planning Ineligibility fraction 0.34 0.47 0.37 0.45 
Years of Education, Male Head years 4.28 2.17 7.62 2.28 
Years of Education, Female 
Head years 3.33 2.48 6.72 3.01 
Land Title binary 0.57 0.49 0.55 0.47 
Years Present years 9.38 5.04 12.64 8.10 
Flat Land binary 0.41 0.49 0.35 0.46 
Black Soil binary 0.65 0.48 0.47 0.48 
Electricity  binary 0.15 0.36 0.39 0.47 
Sample Size 332 farms (1990); 340 farms (1999) 
 
Note: This table shows means for household variables that have been aggregated to farm values 
using the household plot size weight. 
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Table 2.3: Fertility 1990-1999 model results 
  Number of Children Born 
Family Planning Use 0.642** 
  (0.139) 
Female Head of Household Age 0.930*** 
  (0.0126) 
Household Size 1.063 
  (0.0407) 
Working-Age Males 0.783** 
  (0.0909) 
Migrants 1.161 
  (0.116) 
Years of Education, Male Head 0.922** 
  (0.0370) 
Years of Education, Female Head 0.982 
  (0.0408) 
Off-Farm Employment 0.983 
  (0.0205) 
Hired Labor 0.994 
  (0.0157) 
Cattle 1.008 
  (0.00964) 
Land Title 0.760 
  (0.166) 
Years Present 0.987 
  (0.0158) 
Black Soil 1.134 
  (0.193) 
Flat Land 0.862 
  (0.181) 
Electricity  0.997 
  (0.272) 
Subdivisions 0.985 
  (0.122) 
Plot Area 1.003 
  (0.00502) 
Constant 24.82*** 
  (13.64) 
Incidence rate ratios presented with cluster-robust standard errors in parentheses. 
*p<.10; **p<.05; ***p<.01; Sample size=123 households 
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Table 2.4: Forest cover change 1990-2008 model results 
Random Effects 
Models 
Deforestation Reforestation Net Forest Loss 
Family Planning 
Use 
  
1.110 1.116 0.871 0.792 0.593 -6.661 
(0.113) (0.116) (0.132) (0.210) (8.941) (13.54) 
Family Planning 
Ineligibility 
  
1.051 1.104 1.117 1.261 -3.032 -2.750 
(0.103) (0.114) (0.199) (0.351) (9.718) (14.22) 
Time 
  
0.480*** 0.501*** 3.320*** 3.439*** -75.85*** -80.14*** 
(0.0811) (0.104) (0.754) (1.120) (11.50) (15.13) 
Family Planning 
Use*Time 
  
 0.979  1.154  13.86 
 (0.184)  (0.356)  (16.12) 
Family Planning 
Ineligibility*Time 
  
 0.900  0.800  0.911 
 (0.149)  (0.263)  (17.89) 
Female Head of 
Household Age 
  
0.995 0.995 1.000 1.000 0.174 0.142 
(0.00358) (0.00357) (0.00749) (0.00731) (0.462) (0.465) 
Farm Population 
  
1.002 1.002 1.008 1.007 0.826 0.818 
(0.0111) (0.0109) (0.0236) (0.0237) (1.277) (1.252) 
Working-Age 
Males 
  
1.034 1.034 0.989 0.983 0.711 0.596 
(0.0290) (0.0292) (0.0558) (0.0544) (2.306) (2.319) 
Outmigrants 
  
0.982 0.978 0.910 0.905* -5.765* -5.698 
(0.0366) (0.0379) (0.0527) (0.0538) (3.353) (3.580) 
Years of Education, 
Male Head 
  
0.971 0.971 1.027 1.027 -1.186 -1.122 
(0.0182) (0.0183) (0.0260) (0.0263) (1.495) (1.498) 
Years of Education, 
Female Head 
  
0.980 0.981 0.981 0.982 -0.925 -0.994 
(0.0128) (0.0133) (0.0220) (0.0215) (1.142) (1.106) 
Off-Farm 
Employment 
  
0.999 0.999 0.980 0.980 -0.147 -0.0610 
(0.00505) (0.00469) (0.0206) (0.0207) (0.587) (0.589) 
Hired Labor 
  
0.999 0.999 1.022** 1.021** -0.843* -0.818* 
(0.00564) (0.00577) (0.0108) (0.0107) (0.467) (0.478) 
Number of Cattle 
  
1.002 1.002 0.984*** 0.984*** 0.434** 0.439** 
(0.00255) (0.00248) (0.00347) (0.00340) (0.203) (0.200) 
Land Title 
  
1.017 1.013 0.802* 0.788* 19.51** 19.34** 
(0.0693) (0.0700) (0.107) (0.103) (9.585) (9.527) 
Years Present 
  
1.002 1.003 1.020** 1.021** 0.242 0.244 
(0.00609) (0.00622) (0.00908) (0.00896) (0.749) (0.782) 
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Black Soil 
  
1.198* 1.196* 0.883 0.894 12.69 12.94 
(0.127) (0.126) (0.116) (0.114) (9.798) (9.981) 
Flat Land 
  
1.098 1.097 0.620** 0.615** 28.58** 28.11** 
(0.112) (0.113) (0.124) (0.125) (12.85) (12.80) 
Electricity 
  
0.934 0.932 0.953 0.943 5.506 5.948 
(0.120) (0.122) (0.176) (0.169) (11.17) (11.01) 
Subdivisions on 
Farm 
  
1.000 1.003 0.971 0.986 -1.709 -1.506 
(0.0682) (0.0689) (0.129) (0.131) (6.068) (6.010) 
Farm Area 
  
1.017*** 1.017*** 1.005 1.005 0.763 0.772 
(0.00490) (0.00481) (0.00475) (0.00461) (0.831) (0.835) 
Fraction of Farm in 
Forest 
  
7.899*** 7.991*** 0.431 0.438 278.7*** 277.5*** 
(2.075) (2.110) (0.253) (0.261) (23.32) (23.68) 
Distance to Road 
  
0.747*** 0.747*** 0.837 0.814 -28.01*** -28.13*** 
(0.0550) (0.0542) (0.248) (0.246) (6.112) (6.187) 
Distance to 
Community 
  
0.953** 0.952** 0.961 0.962 -7.355*** -7.269*** 
(0.0185) (0.0184) (0.0327) (0.0328) (2.661) (2.681) 
Constant 
  
28.86*** 28.15*** 16.10*** 15.82*** -42.67 -40.07 
(9.855) (9.850) (12.05) (11.83) (47.34) (47.80) 
Sample Size 
(Farms) 
599 639 672 
Fixed Effects 
Models 
Deforestation Reforestation Net Forest Loss 
 
Family Planning 
Use 
  
1.035 1.022 1.178 1.609 -5.984 -10.59 
(0.208) (0.254) (0.294) (0.601) (9.888) (14.04) 
Family Planning 
Ineligibility 
 
1.261 1.306 0.870 0.926 4.515 8.335 
(0.207) (0.280) (0.288) (0.359) (9.879) (10.15) 
Family Planning 
Use*Time 
  
 1.019  0.543  8.372 
 (0.311)  (0.242)  (14.44) 
Family Planning 
Ineligibility*Time 
  
 0.943  0.813  -5.784 
 (0.268)  (0.376)  (13.14) 
Sample Size 
(Farms) 
592 570 628 
Incidence rate ratios presented for deforestation and reforestation negative binomial regression 
models, regression coefficients presented for net forest loss linear regression models. Cluster-
robust standard errors are presented in parentheses below. An indicator of missing female head 
of household age at the farm level is included in all models but not shown. 
*p<.10; **p<.05; ***p<.01 
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CHAPTER 3: DOES DOING MORE RESULT IN DOING BETTER? EXPLORING 
SYNERGIES IN AN INTEGRATED POPULATION, HEALTH, AND ENVIRONMENT 
PROJECT IN EAST AFRICA 
Introduction 
The integration of policies and programs across sectors (such as health, agriculture, 
education, conservation, etc.) is increasingly promoted by influential bodies, including the World 
Health Organization and the United Nations Environmental Program (WHO & UNEP, 2008), 
and the International Union for the Conservation of Nature (IUCN, 2016). Integration is also 
prominently featured in the UN’s Sustainable Development Goals (United Nations, 2015). Such 
ideas are premised in part on the growing evidence base showing that integrated projects can 
sometimes result in better outcomes than single-sector projects (FHI360, 2014). This growing 
global momentum towards promoting integrated development approaches has substantial 
implications for conservation, a field that has a long and varied history with integrated 
approaches.   
In conservation, integration was popularized in part by the growth of integrated 
conservation and development programs (ICDPs), which were first implemented in the 1970s 
and 1980s as a way of improving environmental quality while enhancing human well-being 
(Wilshusen, Brechin, Fortwangler, & West, 2003). ICDPs sought to simultaneously improve 
local economies and the condition of nearby natural resources (typically in protected areas) 
through a number of strategies. These included educating local communities of the impacts of 
human activities on environmental quality, developing governance and monitoring institutions to 
help communities protect their resources, and promoting and financing the diversification of 
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livelihood strategies away from local natural resource use (Robinson & Redford, 2004). ICDPs 
were predicated on the idea that synergies could be achieved by integrating conservation with 
other development activities. However, many early ICDP projects were ultimately unsuccessful 
in meeting their objectives due to a failure to accurately target local drivers of resource 
degradation, short timelines, challenges coordinating between partners, and unrealistic goals 
(Brown, 2003; Hughes & Flintan, 2001; McShane & Newby, 2004; Newmark & Hough, 2000; 
Wells, Guggenheim, Khan, Wardojo, & Jepson, 1999). 
Despite disappointing results with early iterations of ICDPs, many development 
practitioners continued to see integration in conservation programming as a compelling strategy, 
provided that such projects learned from the problems of earlier efforts and adjusted their 
operations accordingly (Garnett, Sayer, & Du Toit, 2007; Wells, McShane, Dublin, O’Connor, & 
Redford, 2004). In addition, some practitioners felt that other activities needed to be added to 
ICDPs to more effectively address drivers of resource degradation and meet community 
development needs. Towards that end, several conservation NGOs as well as donors began to 
look much more closely at issues of women’s health and gender, seeking to incorporate these 
ideas into conservation programming (Edmond, Viernes Jr., Seng, & Zatovonirina, 2009).  
This shift has several justifications. Research exploring protected areas notes that this 
strategy may be ultimately unsustainable in the long run if conservation practitioners fail to 
address issues concerning human population growth (Barrett & Arcese, 1995; Munthali, 2007; 
Struhsaker, Struhsaker, & Siex, 2005; Wittemyer, Elsen, Bean, Burton, & Brashares, 2008). 
Additionally, provision of family planning services can reduce maternal, infant, and child 
mortality associated with unintended pregnancies (Cleland et al., 2006) and serve as an important 
means of empowering women and furthering their role in development efforts (Canning & 
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Schultz, 2012). Together, these findings suggest that conservation projects could improve both 
environmental and health outcomes if they addressed family planning and maternal health issues.  
A new set of initiatives, referred to as population, health, and environment (PHE) 
projects, evolved in large part as a result of these efforts, which sought to treat conservation and 
health problems more holistically, and incorporate family planning services, as well as other 
health activities into a stronger integrated intervention (Gaffikin, 2008; Oglethorpe, Honzak, & 
Margoluis, 2008; Pielemeier, Hunter, & Layng, 2007). In addition, there is a growing literature 
on links between the environment and health (including reproductive health), and this research 
has contributed to the desire to integrate health programming into conservation projects 
(Romanelli et al., 2015).  
Although a recent review suggests that PHE projects have been broadly successful in 
meeting their stated objectives (Yavinsky, Lamere, Patterson, & Bremner, 2015), a continuing 
need exists to demonstrate whether and how this type of integration improves conservation, 
health, and livelihood outcomes. While scholars have found some benefits of PHE integration 
using quasi-experimental methods (D’Agnes, D’Agnes, Schwartz, Amarillo, & Castro, 2010), 
such approaches are challenging for many PHE projects, including the project we discuss in this 
paper. Constraints include limited budgets and time (making it challenging to create control 
sites), evolution of project approaches and activities during the intervention period, differences in 
intervention offerings across project sites due to funding and geographic limitations (such as 
differences in soil types between sites that make the construction of cookstoves by community 
members possible in some places but not others), and in-migration into project sites. As PHE 
projects aim to generate value-added outcomes, we believe that a stronger understanding of how 
such outcomes come about can allow integrated projects to be scaled more effectively to new 
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settings. To more effectively understand these processes, we assess the extent to which value-
added outcomes occur and outline possible mechanisms through which they occur, in an East 
African PHE project along Lake Victoria. To depict project mechanisms, we use results chains, a 
methodology detailed in an earlier issue of this Journal (Margoluis et al. 2013).  
Project Background 
We provide a preliminary examination of value-added effects associated with the Health 
of People and Environment in Lake Victoria Basin (HoPE-LVB) project led by a reproductive 
health NGO, Pathfinder International, in partnership with local environmental NGOs. HoPE-
LVB is situated in the northeast region of Lake Victoria with sites located in Uganda and Kenya 
(Figure 3.1). Externally funded activities began in late 2011 and are tentatively expected to 
conclude in mid-2017. Most project sites are along Lake Victoria, either on the shore or on 
islands. Results from a baseline household survey commissioned by the project note that 
households in the region are characterized by high rates of reliance on natural resources for their 
livelihoods (especially farming and fishing), limited access to a full range of family planning 
services (including short- and long-term methods), and high levels of poverty (Service for 
Generations International, 2013). Schools and health centers exist in many HoPE-LVB 
communities, but project scoping exercises note that these are largely understaffed and 
underfunded. Road infrastructure to and from project communities and boat landing sites is 
almost entirely unpaved, and often inaccessible during the wet seasons.  
HoPE-LVB is situated along Lake Victoria in part because of the lake’s history with 
fisheries conservation problems. The major fisheries in Lake Victoria have declined 
precipitously in recent decades, due to overfishing, species introductions, the prevalence of 
invasive species (e.g. water hyacinth), and eutrophication (Njiru, Mkumbo, & van der Knaap, 
2010). Although these problems are not new, there is evidence that these problems continue to 
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grow worse, threatening fisheries livelihoods in communities along the lake (Mkumbo & 
Marshall, 2015; Taabu-Munyaho et al., 2014). 
Exacerbating these problems are institutional arrangements for fisheries management that 
are generally regarded as weak. Fisheries along Lake Victoria are governed in a co-management 
system based on a network of beach management units (BMUs), local bodies that have been 
given legal enforcement powers over local fisheries (Onyango & Jentoft, 2010). Approximately 
1069 BMUs currently exist on the lake (Nunan, 2014). BMUs are designed to include members 
from different segments of the fishing industry, including fishermen and boat crew, net repairers, 
and fish sellers (Nunan, 2014). However, Lake Victoria BMUs have been widely critiqued for 
problems including corruption (Barratt, Seeley, & Allison, 2015), rent-seeking (Béné et al., 
2009; Nunan, Hara, & Onyango, 2015), and an inability to effectively monitor resources due to 
lack of training and equipment to conduct patrols (Barratt et al., 2015; Lawrence, 2013).  
Another motivating factor for locating the project along Lake Victoria is the challenge of 
accessing safe delivery and family planning services. According to our baseline survey, roughly 
40% of women in Uganda project sites and 28% of women in Kenya sites did not deliver their 
most recent child in a health facility. Additionally, the survey showed an unmet need for family 
planning services (the fraction of fecund, in-union women who want to avoid getting pregnant 
within the next two years and who are not using birth control) of 39% in Uganda and 36% in 
Kenya. Though these values are high, they are comparable to findings from recent Demographic 
and Health Surveys, which show a high unmet need for family planning and safe delivery 
services in this region (Uganda Bureau of Statistics and ICF International 2012, Kenya National 
Bureau of Statistics and ICF Macro 2015).  
51 
 
These poor health indicators are in part related to the remoteness of many health facilities 
and the limited provision of services outside of clinics (such as through community health 
workers, which exist in both countries). Island communities are accessible only by motorboat, 
which makes routine trips off the island nearly impossible for most people. Prior to the start of 
the project, health workers noted in consultations with project staff that a lack of reliable 
transportation is a major problem during medical emergencies, and analyses of maternal health 
data from communities near northeast Lake Victoria suggest that distance to clinics remains a 
barrier to accessing care in part due to the cost of and access to reliable transport (van Eijk et al. 
2006). While government policy changes have made most health services, including family 
planning and delivery, free for users in both countries, there continue to be problems associated 
with service availability and care quality (Xu et al. 2006, Maina and Kirigia 2015).  
An important linkage between health and conservation in the region is the burgeoning 
fish-for-sex trade. Along Lake Victoria, fishermen are generally men, whereas women tend to 
process and sell fish. However, there is often greater demand to buy fish from fisherman than 
there are fish available to sell. In order to gain an advantage in this market, some women resort 
to transactional sex as a way of securing fish supplies (Béné and Merten 2008, Fiorella et al. 
2015). This has resulted in unintended pregnancies as well as the spread of sexually transmitted 
diseases, including HIV (Nunan 2010, Mojola 2011).   
An important element of HoPE-LVB is the emphasis placed on scaling. Project staff has 
worked to establish relationships with higher level institutions spanning government and NGOs 
to address issues pertaining to the project. The goal is to create regional and national PHE 
policies that are designed to reinforce the outcomes made at the community level and improve 
the sustainability of the intervention through linkages to other institutions (Ghiron et al. 2014). 
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Conservation and health institutions often do not work with each other or coordinate their 
activities in the Lake Victoria Basin, yet doing so may more effectively address community 
needs, such as through shared outreach around health-environment topics to communities that 
cannot be reached with existing project resources. As part of these efforts, HoPE-LVB promoted 
PHE at the regional level, within the Lake Victoria Basin Commission (LVBC), which has 
resulted in regional policies adopted around PHE. 
HoPE-LVB consists of a series of interventions designed to improve the capacity of 
individual households to earn income, contribute to conservation objectives, and improve health 
outcomes. Additionally, HoPE-LVB undertook a series of investments through trainings and the 
purchase of capital equipment to increase local institutional capacity (Table 3.1). Collectively, 
these interventions are designed to improve natural resource quality and quantity and increase 
local living standards.  
How is Value-Added Understood in PHE?  
Various conservation literature has sought to define and explore the effects of multiple 
stressors on linked social-ecological systems (Crain et al. 2008, Darling et al. 2010, Persha et al. 
2011, Miller et al. 2012). Borrowing from this literature, we focus on the potential for synergistic 
outcomes in a PHE project, that is, outcomes resulting from integration which are greater than 
the sum of individual effects generated by a single-sector activity. There are a variety of 
hypotheses concerning how integrating health and conservation is likely to generate value-added 
outcomes (Stem and Margoluis 2004). Using these existing hypotheses about the project, PHE 
literature, as well as an initial series of results chains created at the beginning of the project, we 
focused on four mechanisms that we felt were likely creating synergistic outcomes. These are 
changes to gender roles, time substitution, income effects, and improved community 
cooperation. 
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Changes to established gender roles: Decision-making around family planning and 
natural resources tends to be heavily gendered in the region. Women and girls are generally 
provided with more information than men regarding family planning, and often make decisions 
regarding family planning use (though sometimes without the knowledge or consent of their 
husbands due to male opposition) (Nalwadda, Mirembe, Byamugisha, & Faxelid, 2010; Wambui, 
Ek, & Alehagen, 2009). Meanwhile, men are often charged with making decisions around 
natural resource (particularly fisheries) management (Nunan, 2006). As the project targets both 
genders with messages around both family planning and natural resources management, the 
proliferation of these messages may have an empowering effect on members of the group 
traditionally less involved in the activity. The project was designed based on the theory that by 
targeting natural resource management messages towards women, they will take a more active 
role in local resource governance, including within BMUs, which have many women members, 
but historically have done a poor job of integrating women into leadership roles (Lwenya, 
Mbilingi, Luombo, & Yongo, 2009). Similarly, the project hopes that by engaging men in 
discussions and forums regarding family planning, partners will develop greater shared decision-
making around reproduction and increase overall family planning uptake. 
Substitution of time: Various activities promoted by HoPE-LVB may result in time 
savings, which in turn may be substituted towards activities that improve conservation outcomes, 
such as tree planting or beekeeping. For instance, Carr (2008) notes that components of PHE 
projects, such as improved healthcare delivery or access to higher-yielding crop varieties result 
in time savings (due to less time spent sick or the ability to yield the same amount of nutrition 
with less effort), which in turn may be devoted towards activities that promote improved 
conservation outcomes. However, such alternative activities must be viewed as attractive relative 
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to activities that degrade natural resource quality in order for time savings to not generate 
negative feedbacks on environmental outcomes.  
Income effects: HoPE-LVB staff theorized that elements of the project would increase 
household incomes. This may occur directly, such as through increased crop yields as a result of 
project trainings and assistance, or indirectly, such as through the project’s promotion of energy-
saving stoves, enabling families to purchase less fuel and in turn creating income savings. These 
changes have unknown effects on conservation outcomes. Studies of ICDPs note that increases 
to household income do not necessarily occur in tandem with improvements in conservation 
behaviors and outcomes (Bauch, Sills, & Pattanayak, 2014; Morgan-Brown, Jacobson, Wald, & 
Child, 2010, p.; Weber, Sills, Bauch, & Pattanayak, 2011). We project additional income to have 
largely positive effects on health outcomes since cost remains a barrier to securing services, 
particularly facility delivery. Additionally, increased income may improve nutritional outcomes 
by making purchased food more affordable. However, while HoPE-LVB participants were asked 
about whether their household incomes changed as a result of the project, we did not collect data 
on specific amounts of income change. 
Willingness to cooperate: By bringing multiple organizations and programs together 
through PHE, community leaders are able to discuss multiple issues at once with national- and 
regional-level partners. This has the potential to save money and time and improve outcomes 
through improved coordination of activities if partners are sufficiently engaged and flexible in 
their operations to meet project needs. In Ethiopian PHE projects, such coordination was found 
to generate goodwill from local community members (since integrated planning required less 
time than dealing with health and conservation organizations separately) (Stelljes 2013). 
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Data & Methods 
In order to assess whether these mechanisms were present in the project, we created a 
series of results chains. Results chains depict the effects resulting from an intervention to impacts 
(Margoluis et al., 2013). Such chains can be used in a variety of ways in designing, monitoring, 
and evaluating development programs, including those centered on conservation. Results chains 
can be created once, or used iteratively in order to refine hypotheses over time as new evidence 
becomes available.  
This results chain approach is an example of a results framework, a term that 
encompasses a series of approaches to articulating and visually depicting the cause-and-effect 
relationships between project activities, immediate outputs and outcomes, and long-term impacts 
(Roberts & Khattri, 2012). Similar approaches to understanding activity-output-outcome-impact 
relationships include logic models or logframes (AusAid, 2005; W. K. Kellogg Foundation, 
2004), causal mapping (Jagger, Sills, Lawlor, & Sunderlin, 2010), and theory of change 
frameworks (Funnell & Rogers, 2011). However, these approaches differ slightly in their 
assumptions (see (Jagger et al., 2010) Box 6).  
Some scholars have criticized approaches like results chains as being overly simplistic, 
particularly for environmental problems that can be affected by many dynamic and interacting 
causes within and outside of a project’s control (Niemeijer and de Groot 2008). However, we 
believe that results chain analysis and similar approaches that deliberately oversimplify the 
project’s contextual surroundings and focus on the effects of specific components of the 
intervention can provide a useful illustration of the major causal pathways through which a 
project generates particular outcomes and impacts, thus serving an important purpose in 
planning, monitoring, and evaluation efforts.  
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We developed our chains using qualitative data collected as part of a midterm review 
(MTR) exercise in 2014, conducted 2.5 years into the project’s term (Applied Research Bureau 
2014). The MTR was designed to help project leaders understand to what extent the project was 
achieving its intended objectives, with a particular focus on understanding the effects of the 
project’s health service and community conservation activities, as well as assessing whether the 
project’s targeting of women and youth for many of these activities was engaging these groups in 
a way that improved health and conservation outcomes. While the MTR was designed to provide 
initial evidence to help answer questions around value-added effects, given the long time periods 
in which such effects may develop, it was acknowledged that the MTR would not be able to fully 
address all of the project’s questions around value-added.  
The MTR consisted of two components, key informant interviews and focus groups. 
Local consultants conducted interviews with 30 different individuals affiliated with the project at 
national, regional, and local levels. Individuals were intentionally selected for interviews with an 
aim of providing different perspectives on the project’s functioning. Persons selected to be 
interviewed included Pathfinder staff, officials affiliated with government offices that 
coordinated project activities with HoPE-LVB staff (such as health center managers or fisheries 
officials), and officials in the local communities where project activities took place (such as 
BMU leaders or local council members). Interviewees were asked open-ended questions about 
their experiences with the project and whether and why they perceived changes occurring as a 
result of project activities.  
Additionally, consultants also held 13 focus groups with different community groups in 
two of the project’s sites, Jaguzi Island, Uganda and Karachuonyo, Kenya. These sites were 
chosen because they provided the greatest breadth of experiences pertaining to the project given 
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the time and resources available (one site in each country, with each site having different primary 
livelihood strategies and differing levels of access to health services). Focus groups were held 
within particular communities of interest targeted by the project (BMUs, farmers, young 
mothers, women, youth, and model homeowners). Young mothers groups were designed for 
women under age 25, while model homeowners are individuals participating in the model 
household program (see Table 3.1). Each focus group contained roughly ten participants, and 
participants were selected by fellow group members in each site. Focus group participants were 
asked about their perceptions, personal experiences, and critiques regarding HoPE-LVB 
activities.  
After being transcribed and translated, data from interviews and focus groups were 
electronically coded using both thematic codes (e.g. family planning; fisheries management) 
(Braun and Clarke 2006), as well as codes representing linkages within or between sectors (e.g. 
health to conservation effect). After rereading the transcripts, we developed codes iteratively 
with a grounded theory methodology (Strauss and Corbin 1994). We began by generating codes 
around different themes, then more specifically within these themes if additional specificity was 
needed to better understand project activities, and finally with linkages when particular 
relationships were observed. We subsequently constructed the results chains below, starting with 
the project activity and using the linkage relationships we coded previously to document the 
value-added effects of each activity.  
Results 
Using our four hypothesized mechanisms of interest as well as the intersectoral codes 
generated from the MTR data, we developed five results chains, illustrating areas where we 
found evidence for value-added outcomes, as well as areas where additional data are needed in 
order to demonstrate a theorized value-added linkage. In the figures below, hexagons represent a 
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component of the project’s intervention, rectangles depict short-term outcomes, and ovals 
illustrate longer-term effects resulting from these outcomes. For clarity of exposition, these 
chains depict simplified relationships—some micro-level linkages within these chains are 
omitted.  
Finding 1: Gendered Messaging on Family Planning Use 
One key finding from several focus groups, particularly those addressing BMUs, was that 
focusing messages around family planning to men resulted in greater awareness around family 
planning topics and discussion of family planning use between partners. BMU members noted 
that awareness of family planning increased after the project encouraged local BMUs to start 
distributing condoms and hold sessions for members on family planning use. Women separately 
described the empowering effects that improved access to family planning had on reduced 
unintended pregnancies and time available to devote to other activities, including activities such 
as breastfeeding, which is associated with positive health outcomes (Eidelman 2012). 
Additionally, women reported being able to discuss family planning issues more freely with their 
husbands, reducing the stigma associated with this subject. After assessing the MTR data, we 
created the causal chain below (Figure 3.2) to depict the assumptions we believe are supported 
by the analysis.  
Finding 2: Time Savings on Environmental Improvement 
The project predicted that conservation outcomes would improve if time-saving health 
and livelihood improvement activities were bundled with livelihood activities that were not 
deleterious to sustainable natural resource management. Such time savings linkages were found 
in focus group discussions on family planning and health, as well as in discussions on sustainable 
livelihood activities. The project found several ways through which individuals had more time as 
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a result of integrated programming, including  having fewer children to care for or being sick 
less often, or collecting less fuelwood (as a result of using sustainable cookstoves). This time 
was often devoted to livelihood activities such as beekeeping, tree planting, or gardening, all of 
which the project provided trainings for (and in some cases, capital equipment), most of which 
are likely to have positive, or at least neutral conservation outcomes (Figure 3.3). In most cases, 
there was a gender element to these time savings, as many of the activities generating time 
savings were targeted towards women.  
Finding 3: Income Effects on Women’s Empowerment 
Scoping exercises conducted at the project’s outset found that many women had 
relatively few income-earning opportunities outside their homes and were largely dependent on 
income earned by adult males, often through fishing or farming. Project activities targeted at 
women were projected to increase women’s earnings, and in turn, their power over household 
and community-level decisions, including decisions about natural resource management. 
Economic research suggests that providing women with greater control of household income 
increases their decision-making authority in other spheres (Duflo, 2012). Moreover, there may be 
environmental benefits associated with women’s participation in natural resource management, 
particularly in fisheries. For instance, women may be more willing than men to cooperate with 
each other in order to yield more sustainable fish catches (Revollo-Fernández, Aguilar-Ibarra, 
Micheli, & Sáenz-Arroyo, 2015). However, there is still an evidence gap as to whether greater 
female participation in fisheries management groups affects conservation outcomes (Leisher et 
al., 2015).  
There is little evidence from the MTR that project efforts to increase women’s income, 
and in turn, their ability to make decisions, resulted in greater female participation at the 
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community level, such as within BMUs, though we emphasize that this may be a result of the 
small sample of BMUs surveyed in the MTR. However, there is some evidence suggesting that 
women are earning additional income through the livelihood activities supported by the project, 
and that in many cases, this income is being used to invest in sustainable income-generating 
activities that are likely to have environmental benefits, such as tree nursery management or 
beekeeping (Figure 3.4). There were no reports from focus groups or project stakeholders that 
this extra income was being used to invest in illegal fishing or other activities harmful to 
conservation efforts.  
Finding 4: Sustainable Livelihoods on Increased Family Planning Use 
Health outcomes, such as family planning use, have occurred relatively quickly within 
the duration of the project. However, environmental outcomes often take longer to materialize, as 
is the case within our project site. Therefore, effects predicated on changes in environmental 
outcomes are harder to analyze with an effects chain, because links on the right-hand side are 
less likely to have evidence backing them, particularly in a short-term evaluation. 
This is illustrated by a results chain for effects on family planning use based on environmental 
change. Specifically, the project theorized that by reducing threats to ecosystem conditions, this 
would in turn improve living conditions and the availability of natural resources. As community 
members experienced the benefits of more sustainable management practices, attitudes towards 
sustainability and living conditions would change, including adopting longer-term time horizons. 
As part of this, project leaders predicted that individuals would adopt the idea of smaller family 
sizes, and this in turn would stimulate demand for family planning (Figure 3.5). However, 
changing environmental conditions, and therefore attitudes, takes time. MTR participants 
described some linkages between HoPE-LVB environmental interventions and attitude changes 
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towards more sustainable natural resource management, particularly regarding illegal fishing 
practices that are seen as less socially acceptable. However, the MTR did not find that such 
attitudes were linked with changes in desired family size, though changes in ecosystem 
conditions and family planning uptake since the study suggest this question warrants further 
exploration.  
Finding 5: Cross-Sectoral Collaboration on Improved Project Outcomes 
While the project has largely succeeded at integrating PHE into the LVBC, other efforts 
to incorporate PHE principles and activities at the county and national levels have been more 
challenging. Project staff hoped that by unified engagement with community leaders, that this 
would promote stronger relationships with higher-level officials as coordination around health 
and environment issues is occurring simultaneously (Figure 3.6). However, most senior leaders 
within county or national government who were consulted for the MTR expressed concerns 
relating to these hypotheses, suggesting that institutional barriers, such as limited budgets, lack 
of available or trained personnel, and internal organizational mandates to focus on their 
particular sector made such collaborative efforts challenging, particularly for government 
agencies. Some local leaders were grateful to HoPE-LVB for bringing representatives of 
government agencies and other NGOs to their community to discuss PHE-related issues. 
However, these representatives expressed doubt that such relationships could persist without the 
strong urging of Pathfinder, and there were concerns that such collaborative efforts between 
health and conservation organizations were unlikely to be sustained after the project ends.  
Conclusion 
Conducting this assessment midway through the project enabled HoPE-LVB to better 
understand the value-added effects of the project and assess whether the project was meeting its 
intended goals. These results chains have important implications for HoPE-LVB, and help us to 
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adaptively manage the project. In addition, when conducting this exercise, we learned 
methodological lessons that we hope will be useful for other practitioners adopting this 
technique.  
Conducting the MTR and analyzing the data were done on a small budget and short time-
frame, providing a “snapshot” for staff and donors midway through the project. Although the 
results chains provided a wealth of insights, we were not able to answer all of our questions 
through this single activity. However, by making explicit our assumptions and examining to 
what extent they could be supported, the chains provide guidance as we design an endline project 
assessment, particularly around how to prioritize evaluation resources to collect specific pieces 
of data in order to increase the likelihood we can collect information to fill in missing links in the 
chains.  
Moreover, the creation and testing of results chains provides additional details on 
mechanisms that enhances discussions around which contexts PHE projects are most appropriate 
in. Given that the project encountered success at the village and the regional levels, but within 
the middle levels of governance (county and national), there were more challenges, the MTR and 
associated results chains provided insights as to what institutional barriers exist and as well as 
possible strategies for resolving them.  
Given that each project site faces unique geographic and institutional barriers, the 
mechanisms through which the project functions (or does not) may vary between sites. Although 
respondents were selected to provide a wide array of experiences associated with the project, we 
acknowledge that the sample size and coverage presents a limitation associated with this study. 
This is something we hope to improve upon in our endline data collection currently in progress.  
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We show an application of results chains on an active PHE project, providing an example 
for practitioners engaged in future integrated projects. After conducting this exercise, one 
important lesson we emphasize to other practitioners is the need for diversity in perspectives and 
experiences of respondents when utilizing a results chain framework. Results chains are 
synthetic creations, and evidence for an entire chain is typically not fully expressed by any single 
individual during an interview or focus group. For instance, regarding finding #1, we found 
evidence in focus groups among male fishermen describing the effects of HoPE-LVB’s family 
planning messages on family planning knowledge and use. However, it was only in focus group 
discussions among women that confirmation was found regarding the effects of family planning 
on unintended pregnancies and the ability to care for children. 
Our findings have important implications for the literature on integrated development, 
including PHE and ICDP projects. We find that there are active mechanisms in our study site 
linking conservation and health activities, and in particular, that family planning provision seems 
to be an important tool to transform livelihoods. That the project has been broadly successful at 
creating value-added outcomes for community members is in line with earlier general findings 
from the ICDP literature, namely that projects are more likely to succeed when designed 
carefully, and when set in locations with institutions that are adaptable to change (Garnett et al., 
2007). However, our experience provides another reminder of the challenges in scaling 
community-based projects and coordinating policies in institutional settings where other actors 
are not incentivized to cooperate to promote conservation objectives (Cash & Moser, 2000).  
Our preliminary analysis shows that value-added outcomes resulted from several key 
hypothesized linkages in the project, including changes in gender roles, as well as effects 
associated with time savings and higher incomes. We emphasize that the presence of these 
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linkages is dependent in large part on local contextual factors (such as the nature of traditional 
gender norms around health and conservation activities), and these linkages may not be present 
in other settings. As integrated conservation approaches, including PHE, become more 
prominent, we believe that synergistic effects are more likely to result when projects are 
carefully theorized and well-implemented. However, given the added complexity associated with 
integrated projects, it is critical that practitioners regularly assess the validity of their 
assumptions as their project is implemented, making the use and refinement of techniques like 
results chains increasingly important in conservation practice.   
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Tables 
Table 3.1: List of HoPE-LVB activities 
Training Activities 
Activity Name Description 
Sustainable Fisheries 
Trainings 
Sponsored trainings for local BMU members on permitted 
fishing gears and legal fishing grounds. Training was also 
provided to select BMU members on fish farming as an 
alternative to fishing. Trainings included a family planning 
and reproductive health component.  
Professional Health 
Worker Trainings 
Sponsored trainings on family planning methods for local 
health workers. HoPE-LVB trained local healthcare 
providers to supply certain long-acting methods, such as 
intrauterine devices and implants, which were not previously 
available at some local health facilities. 
Community Health 
Worker Trainings 
Sponsored trainings to door-to-door village health 
technicians to promote public health and sanitation, 
immunizations, family planning, and maternal health. In 
particular, CHWs were used to encourage pregnant women 
to have safe deliveries in clinics, as opposed to using 
traditional birth attendants. CHWs were also trained to 
dispense certain simple methods of family planning, such as 
condoms.  
Sustainable Agriculture 
Training 
Sponsored trainings on sustainable agricultural practices, 
particularly for women and youth groups. Topics covered 
included organically managing soil fertility and pests, 
climate-suitable crops, agroforestry/tree planting and 
sustainable livestock rearing. In addition, HoPE used local 
farmers groups to promote certain environmental messages, 
such as farming at least 100 m away from nearby waterways 
to prevent erosion.  
Beekeeping Training Sponsored trainings on beekeeping, particularly for women 
and youth groups interested in adopting beekeeping as an 
income-generating activity. HoPE provided some equipment 
(hives and protective gear) for groups starting beekeeping 
cooperatives.  
Cookstove Training Sponsored trainings on cookstove manufacturing using local 
materials.  
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Model Household 
Promotion 
Sponsored a program to encourage households to adopt 
components of the trainings, such as appropriate soil fertility 
management or use of improved cookstoves. Model 
households were tasked with informing other community 
members about the benefits of the project.  
Community Mobilization Activities 
Activity Name Description 
Community Health 
Outreaches 
Using the trained CHWs HoPE-LVB delivered messages and 
basic health supplies to individuals throughout the project 
communities.  
Community Health 
Inreaches 
HoPE-LVB arranged and funded a series of health inreaches, 
where professional health workers provided services, such as 
immunizations or family planning injectable shots in a more 
remote community on a specified day. As government health 
centers are often prohibitively distant from some villages for 
individuals to walk, these events enabled many individuals to 
access necessary health services. CHWs were used to recruit 
and remind community members about these events.  
Community Dialogues Sponsored periodic events aimed at promoting dialogue 
around solving community problems. In addition, HoPE-
LVB held community events to highlight PHE themes and 
reinforce PHE messages (such as events around World 
Population Day and World Environment Day).  
Capacity Building Activities 
Activity Name Description 
Fishing Ground 
Demarcation 
Collaborated with BMUs to demarcate legal and illegal 
fishing grounds, which previously had not been marked in 
most communities. 
BMU Enforcement 
Capacity 
Provided boat engines and related gear for fisheries patrols, 
which many BMUs lacked prior to the project.  
Health Center Solar 
Lights 
Provided solar panels and battery systems to health centers to 
power lights at night. Many health centers lacked batteries to 
store electricity, making it impossible to provide light at 
night. This was a particular problem for ensuring safe 
deliveries, as many deliveries take place at night, yet 
facilities could not provide services without lights. 
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Health Center Transport HoPE-LVB has worked with VHTs and health facilities to 
improve transport options for sick patients. In at least one 
instance, HoPE-LVB provided a motorcycle taxi to a health 
center that could be used as an ambulance to transport 
patients to and from the facility.  
Latrine Construction Financed the construction of latrines in project communities 
to improve sanitation. In some Kenyan sites, HoPE-LVB 
financed the construction of community EcoSan toilets, 
which can collect manure to be applied on farms, though 
their high cost (up to $1000 USD) precluded their 
development elsewhere.  
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Figures 
Figure 3.1: Map of HoPE-LVB project sites
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Figure 3.2: Results chain displaying linkage between providing family planning messages to 
natural resource management groups and improved maternal health outcomes 
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Figure 3.3: Results chain displaying linkage between time-saving activities and improved 
conservation outcomes 
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Figure 3.4: Results chain displaying linkage between income-generating activities and 
household-level natural resource management choices 
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Figure 3.5: Results chain displaying linkage between providing sustainable livelihoods 
interventions to better living conditions, but inability to link attitude changes towards resource 
use to adoption of smaller family sizes 
 
 
 
Note: Dashed lines represent hypothesized, but not demonstrated, results chain linkages.  
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Figure 3.6: Results chain displaying linkages between cross-sectoral collaboration and 
concentrating experience and improved coordination of programs, but inability to link these 
outcomes to longer-term improvements in PHE project sustainability 
 
 
 
Note: Dashed lines represent hypothesized, but not demonstrated, results chain linkages. 
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CHAPTER 4: FERTILITY REDUCTION AMONG RURAL HOUSEHOLDS AS A 
RESPONSE TO CLIMATE CHANGE IN INDONESIA 
Introduction 
The effects of climate change are having substantial and generally adverse effects on 
livelihoods in developing countries (Morton, 2007; Vermeulen, Campbell, & Ingram, 2012). 
This is particularly concerning given that the effects of climate change are likely to worsen in the 
coming decades, with substantial implications for crop yields and by extension poverty reduction 
(Porter et al., 2014). Responses to environmental shocks such as climate variability are often 
complex, vary within and between households, and may include changes in demographic 
behaviors, including decisions regarding fertility (Bilsborrow, 1987; K. Davis, 1963). Literature 
exploring relationships between climate change and fertility has focused largely on the impact of 
acute disasters such as hurricanes in relation to births (J. Davis, 2017; Pörtner, 2008) or on the 
impacts of crop loss from climate shocks on births and family planning use (Alam & Pörtner, 
2016; Kim & Prskawetz, 2010), generally over short time periods. This literature suggests that 
fertility responses differ widely, with increases or decreases in births reported depending on local 
household and environmental contexts.   
Changes in fertility decision making, including desires for additional children, family 
planning use, and births, have important implications for developing economies. Childbearing is 
an important stage in a woman’s life, and mothers tend to experience greater life satisfaction 
compared to infertile women who desire children (Klemetti, Raitanen, Sihvo, Saarni, & 
Koponen, 2010; McQuillan, Torres Stone, & Greil, 2007). However, long-term economic 
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development studies find that higher fertility rates are generally associated with lower economic 
growth (Barro, 2001; Li & Zhang, 2007). Additionally, there have been persistent concerns about 
the sustainability of natural resource use patterns and the implications of rapid population growth 
for protecting biodiversity, particularly in ecologically fragile regions (Barbier, 1989; Jha & 
Bawa, 2006). Globally, family planning use is associated with various metrics of women’s 
empowerment, including higher rates of school enrollment and labor force participation (Cleland 
et al., 2006). A disruption to family planning use and childbearing as a result of climate shocks 
may thus have substantial impacts on development outcomes, particularly for women and on 
natural resource conditions.    
Concerns about how the effects of climate change on fertility-related decisions may affect 
vulnerable developing economies have led us to examine the relationship between temperature 
and precipitation anomalies and three fertility-related measures: desire for another child, current 
use of family planning, and births. We improve upon earlier literature by combining high-
resolution climate data with a large household survey dataset spanning more than two decades in 
Indonesia, a major developing economy that is heavily affected by climate change.  
Using Indonesian Family Life Survey panel data collected between 1993 and 2015, as 
well as a high-resolution climate time series, we explore how community-level anomalies in 
temperature intensity and precipitation timing are associated with changes in fertility desires, 
family planning use, and births among women of reproductive age. This approach enables us to 
explore a wide array of experiences to climate change, and in particular, to capture variation 
between rural and urban households which have different livelihood strategies.  
We build on existing literature exploring household responses to climate change by 
examining the effects of climate shocks on fertility, an area that has received relatively little 
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attention by scholars compared to effects on migration. Moreover, we contribute to the post-
shock fertility literature by exploring the effects of annual climate variability on fertility (as 
opposed to an acute shock, such as a hurricane or earthquake), providing new evidence through 
which to understand the relationship between shocks and fertility responses. Additionally, by 
using climate data at the community level, we are able to account for the fact that the degree of 
exposure to climate shocks varies across communities. 
Drawing on literature linking climate change with shifts in the timing and volume of the 
production of rice—Indonesia’s most important staple crop—we assess how changes in 
expenditures are affected by climate shocks, which in turn, may help explain changes in fertility-
related outcomes through nutrition/health and household expenditure pathways. Our results 
suggest that exposure to higher-than-average delays in monsoon onset—a necessary precursor to 
wet season rice planting—is associated with increases in the desire of women to have another 
child in the future and a lower likelihood of a woman currently using family planning. These 
results are particularly strong among urban populations, as well as among wealthier and better 
educated women, who are less likely to use family planning following a delay in monsoon onset. 
Among rural populations, births fall marginally following a delay in monsoon onset. We find no 
significant effects on fertility associated with temperature shocks in the overall sample.  
Demographic Responses to Environmental Stress 
Environmental stimuli have the potential to affect households in a variety of ways, 
including impacting the viability of livelihood and income-generating opportunities as well as 
affecting access to schooling and health services (Bremner, López-Carr, Suter, & Davis, 2010; 
de Sherbinin, Carr, Cassels, & Jiang, 2007). Responses to these shocks may include changes in 
demographic behavior, including decisions about whether, when, and how many children to have 
(de Sherbinin et al., 2007). Theoretical frameworks examining demographic decisions following 
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environmental shocks, such as multiphasic response (Bilsborrow, 1987; K. Davis, 1963), note 
that households in the same region facing similar environmental pressures often exhibit 
heterogeneous and complex demographic responses, which may differ depending on the 
resources available to the household, such as various forms of capital (de Sherbinin et al., 2008).  
Below, we draw from literature exploring responses to environmental shocks to 
hypothesize several pathways through which changes in fertility desires, family planning use, 
and births may result from climate shocks. While the data available in the survey we use does not 
enable us to test all of these pathways in our analysis, we suggest below that some of these 
pathways are more likely to be operating than others. A simplified conceptual model illustrating 
these pathways for a negative climate shock is presented in Figure 4.1. 
Changes in livelihood opportunities, often as a result of shifts in natural resource prices 
and availability, can lead households to make a range of adaptation choices. These may include 
changing farming practices, consumption patterns, as well as demographic behaviors, including 
choices regarding fertility (J. Davis & Lopez-Carr, 2010; Lambin, Geist, & Rindfuss, 2006). 
Decisions regarding household consumption in the face of scarcity also interact with decisions 
regarding fertility, and families make a tradeoff between investment in each child and the 
quantity of children born (Becker & Lewis, 1973). Thus, because of differing household 
endowments, not all households respond in the same way to similar stressors, including those 
related to climate change, providing an opportunity for researchers to explore how environmental 
and demographic change interact in different settings (de Sherbinin et al., 2008). We hypothesize 
that the effects on livelihoods generated by climate change has three main pathways toward 
affecting fertility, through nutrition/maternal health responses, family bonding responses, and 
changes in household expenditure patterns.  
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Physiological responses to the effects of climate change may result in changes in the 
number of live births observed. Climate change is having adverse impacts on global crop yields 
(Ray, Ramankutty, Mueller, West, & Foley, 2012), with substantial effects on global food 
security (Wheeler & von Braun, 2013). A wide body of literature linking pregnancy outcomes 
with maternal characteristics finds that poor maternal nutritional status is associated with higher 
rates of stillbirth (Bhutta et al., 2013; McClure, Nalubamba-Phiri, & Goldenberg, 2006; Saigal & 
Doyle, 2008). Increased risk of stillbirth is also directly linked to exposure to higher 
temperatures (Basu, Sarovar, & Malig, 2016; Strand, Barnett, & Tong, 2012). In addition, 
environmental shocks may elevate maternal stress levels during pregnancy (King, Dancause, 
Turcotte-Tremblay, Veru, & Laplante, 2012; Zahran, Snodgrass, Peek, & Weiler, 2010). These 
shocks are in turn linked with higher rates of stillbirth and miscarriage (Arck et al., 2008; 
Nepomnaschy et al., 2006). Thus, parents who experience nutritional deficiencies related to 
climate-related crop losses, who experience higher temperatures, or who experience stress as a 
result of the economic and social consequences of climate shocks may be more likely to lose 
their offspring in utero, making a live birth a less likely outcome. 
Various studies also note that while livelihood shocks or disasters may strain familial and 
partner relationships, such events may also serve to strengthen relationships, bringing couples 
and families closer together than they were before the event (D. Henry, Tolan, & Gorman-Smith, 
2004; Kessler, Galea, Jones, & Parker, 2006; Lowe, Rhodes, & Scoglio, 2012). Placing a greater 
importance on familial relationships may in turn change desires and decision-making around 
fertility. For instance, after Hurricane Hugo, greater bonding and time spent among family 
members may have contributed to increased post-disaster fertility (Cohan & Cole, 2002).   
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There may also be a consumption pathway to fertility, as the effects of climate shocks on 
local livelihoods may trigger changes in household consumption choices, including decisions 
regarding fertility. However, the direction of these changes is ambiguous. On the one hand, 
raising children poses significant financial costs for households and environmental shocks may 
reduce household incomes and/or family or community support to help defray the burdens of 
raising children (Eloundou-Enyegue, Stokes, & Cornwell, 2000). On the other hand, children 
may serve to bolster long-term household income security and diversification, creating an 
incentive for fertility in times of economic distress (Cain, 1981). A previous analysis linking 
livelihoods shocks with fertility from Indonesia suggests that crop loss has no significant effect 
on fertility, although unemployment is associated with short-term increases in fertility as a 
consumption smoothing measure, followed by decreases as more time elapses following the job 
loss (Kim & Prskawetz, 2010). Other analyses examining the fertility-related aftermath of 
financial shocks in developing country settings show that affected households may change their 
consumption patterns to conserve household resources, including reducing fertility (Eloundou-
Enyegue et al., 2000; McKenzie, 2003), and may increase their use of contraception, albeit 
marginally (McKelvey, Thomas, & Frankenberg, 2012). Thus, to the extent that effects exist 
from changes in consumption patterns as a result of income shocks, the changes in fertility that 
occur appear to be relatively small with the directionality varying depending on local contexts. It 
should also be noted that consumption shocks may also affect maternal nutritional outcomes. For 
instance, mothers of young children during Indonesia’s 1998 economic crisis showed signs of 
reduced food intake, such as weight loss, as they often lowered their own food intake in order to 
preserve their children’s food consumption, effects that might have had ramifications on future 
pregnancy outcomes (Block et al., 2004).  
87 
 
Fertility and the Environment 
Given the substantial impacts of climate change on livelihoods, there is unsurprisingly a 
growing body of literature linking these effects with demographic responses. However, the bulk 
of research linking demographics and climate change has centered on the potential for climate-
driven migration in response to changes in livelihood conditions (Bohra-Mishra, Oppenheimer, 
& Hsiang, 2014; S. Henry, Schoumaker, & Beauchemin, 2004; Mueller, Gray, & Kosec, 2014; 
Thiede & Gray, 2016). By contrast, relatively little research has explored the relationship 
between climate change and aspects of fertility, including desires for additional children, family 
planning use, and births. We are interested in all three of these outcomes because while the 
number of live births ultimately plays a key role in highlighting how couples adapt to climate 
disruptions, fertility desires and family planning use have important implications for the number 
and timing of births. Desires for an additional child are associated with use of family planning 
services (Feyisetan & Casterline, 2000), and the provision of family planning can also have an 
impact on fertility desires (Bongaarts, 2011). Family planning use is generally associated with 
reduced fertility, greater spacing of births, as well as improved health outcomes for women 
(Canning & Schultz, 2012; Cleland, Conde-Agudelo, Peterson, Ross, & Tsui, 2012). Thus, these 
outcomes are important in and of themselves for explaining fertility decision-making pathways. 
Below, we briefly review literature on the relationships between environmental shocks and 
fertility desires, family planning use, and births.  
Fertility Desires 
Few studies have empirically explored the linkages between environmental shocks and 
women’s self-reported fertility desires. Demographic theories of “insurance” births posit women 
exposed to risky environmental conditions become concerned about the survival of their own 
children and seek to have additional births in order to hedge against the elevated risk of 
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mortality, thus changing their desired fertility levels (Cain, 1981; Rosenzweig & Schultz, 1983). 
However, as noted below, the bulk of the existing literature examining linkages between fertility 
and child mortality shocks examines the effects on fertility directly, without examining how 
fertility desires may be differently affected by shocks than actual fertility (e.g. Benefo & Schultz, 
1996; Lindstrom & Kiros, 2007; Nobles, Frankenberg, & Thomas, 2015). Two exceptions to this 
pattern from developing countries suggest that local environmental variability and resource 
constraints may influence desired fertility. In Ghana, neighborhood-level mortality shocks are 
significantly associated with increases in self-reported fertility desires (Owoo, Agyei-Mensah, & 
Onuoha, 2015). In Nepal, increased collection times of fodder and fuelwood resources as a result 
of local scarcity are associated with increases in desired family size (Brauner-Otto & Axinn, 
2017).  
Family Planning 
As with fertility desires, relatively few studies have explored the effects of environmental 
shocks on family planning use. To our knowledge, only one paper has examined longitudinal 
effects of climate-related shocks on family planning use. Alam and Pörtner (2016) use data from 
the World Bank Kagera Health and Development Survey to examine the effects of self-reported 
crop failure on family planning use and fertility, finding that contraceptive use significantly 
increases in response to crop failure. Other literature exploring the effects of contraceptive access 
following natural disasters such as hurricanes and earthquakes notes that contraceptives may not 
be readily available following a major disaster, particularly among the poorest and most 
marginalized populations, reducing in reduced contraceptive use (Behrman & Weitzman, 2016; 
Carballo, Hernandez, Schneider, & Welle, 2005; Hapsari et al., 2009). Additional studies 
examining the effect of income or household shocks on contraceptive use has generally found 
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small, if any, significant effects between diminished incomes and reduced family planning use 
(Dinkelman, Lam, & Leibbrandt, 2007; Frankenberg, Sikoki, & Suriastini, 2003; McKelvey et 
al., 2012). Based on earlier work exploring the effects of the 1998 Indonesian economic crisis on 
contraceptive use, demand for contraceptives in Indonesia appears to be relatively price inelastic, 
suggesting that environmental shocks that affect household expenditures have small effects on 
contraceptive use (McKelvey et al., 2012). 
Births 
Several papers that examine changes in resource scarcity and weather conditions 
generally find small, but significant effects of environmental shocks on fertility. Literature 
examining births from the United States finds that births slightly decrease nine months after 
abnormally high temperatures (Barreca, Deschenes, & Guldi, 2015; Lam & Miron, 1996). In 
Nepal and Pakistan, increasing scarcity of natural resources due to environmental variability and 
growing demand is also associated with increased births as the amount of time required by a 
household to collect resources grows, which may provide an incentive for births as a form of 
providing additional household labor (Biddlecom, Axinn, & Barber, 2005; Filmer & Pritchett, 
2002).  
Much of the literature examining associations between environmental shocks and births 
centers on the relationship between climate-related disasters, such as hurricanes, and fertility. 
Some studies note that hurricane shocks are associated with increased births in the years 
following the event, potentially as a result of losing access to contraceptives or couples 
becoming more closely attached during the course of a disaster (Cohan & Cole, 2002; J. Davis, 
2017). Conversely, other studies argue that the displacement caused by heavy hurricane exposure 
is associated with reduced births in the aftermath of the event (Evans, Hu, & Zhao, 2010; 
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Pörtner, 2008). Although studies examining fertility-hurricane relationships differ in the 
directionality of the effects they find, authors which examined births several years following a 
disaster found that the fertility rate reverts back to pre-disaster levels well after the event, and the 
effects of the hurricane do not appear to have long-term impacts on fertility (J. Davis, 2017; 
Pörtner, 2008). Other studies exploring fertility changes in the aftermath of disasters not related 
to climate change find that following unpredictable events with high levels of child mortality, 
fertility often rises among parents who have lost children as a result of these disasters, such as 
after the 2004 Indian Ocean Tsunami (Nobles et al., 2015), the 2009 L’Aquila earthquake (Carta 
et al., 2012), and the 2008 Sichuan earthquake (Qin, Luo, Li, Wang, & Li, 2009).  
Indonesian Agriculture and Reproductive Health Services 
We examine the effects of climate change on fertility desires, family planning use, and 
births in Indonesia, which we believe is a desirable setting to explore these questions for several 
reasons. First, although declining due to urban growth, a relatively high proportion of the 
population remains engaged in agricultural activities, enabling us to examine whether climate 
change disproportionately affects those reliant on farm activities or individuals in urban settings 
(McCulloch, 2008). Second, Southeast Asia is heavily affected by climate change, with impacts 
such as warmer average temperatures and greater rainfall variability already being observed 
(Hijioka et al., 2014). These effects are projected to worsen in the coming decades, providing an 
important impetus for this research. Third, Indonesia has had a successful history with promoting 
family planning as a tool for reducing fertility rates (Angeles, Guilkey, & Mroz, 2005), providing 
an opportunity to explore fertility changes in a setting where women may readily access 
contraceptives, and can thus control their fertility if they so choose. Fourth, there is high-quality 
longitudinal household survey data available for a large portion of the country (discussed further 
below).  
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Rice Planting in Indonesia 
Over the past 25 years, Indonesia has undergone a process of widespread urbanization 
(Firman, 2016), with 53% of the country’s population living in cities as of 2014 (United Nations, 
2015). However, agriculture continues to be a major source of employment, particularly among 
the poor and in rural areas (McCulloch, 2008). While smallholder farmers grow a variety of 
crops, rice continues to have outsize importance in livelihoods decisions as it is consumed by the 
vast majority of the population and provides an important source of income for farmers, but is 
also vulnerable to the effects of climate change (Redfern, Azzu, & Binamira, 2012).  
Rice planting in Indonesia generally takes place during two periods throughout the 
year—a wet season planting and a dry season planting. The larger wet season planting typically 
occurs between late October and early December, with planting in more northerly Sumatra 
generally happening before Java (Naylor, Battisti, Vimont, Falcon, & Burke, 2007). This 
planting precedes the peak of the monsoon rains, which usually occur in December and January. 
The smaller dry season planting generally takes place in April and May. For both seasons, 
harvesting takes place roughly 3-4 months following planting (Falcon, Naylor, Smith, Burke, & 
McCullough, 2004). Most rice crops in Indonesia are irrigated, though many irrigation systems 
are rain-fed or run-of-the-river, and require rainfall for their operation (Naylor et al., 2007). 
However, lack of investment in irrigation infrastructure has reduced the reliability of many such 
systems, making adequate rainfall even more important for ensuring crop growth (Simatupang & 
Timmer, 2008).  
Indonesia’s climate is affected by El Niño-Southern Oscillation fluctuations in sea 
surface temperature and pressure, which produce variation in precipitation timing and volume. 
These phenomena in turn may affect rice production. During warmer sea surface temperature (El 
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Niño) years, monsoon rainfall is delayed by up to two months, which in turn delays rice 
plantings as farmers wait for enough rainfall to sufficiently moisten the soil in order to have a 
successful planting (Falcon et al., 2004; Naylor, Falcon, Rochberg, & Wada, 2001). While rice 
production increases somewhat later in the year, dry season production is often delayed as a 
result of the delay in wet season production, and production increases later in the growing year 
are generally insufficient to compensate for losses as a result of rainfall shortages. La Niña years 
display the opposite pattern, with low sea surface temperatures associated with above average 
rice plantings earlier in the September-December period (Naylor et al., 2001).  
This research finds that changes in overall rice production as a result of rainfall 
variability stem primarily from changes in the amount of land devoted to growing rice, and not to 
yields (Falcon et al., 2004). This is confirmed by more recent findings suggesting that overall 
Indonesian rice yields have largely stagnated during the past two decades (Ray et al., 2012), 
which is attributed both to precipitation as well as temperature variability (Ray, Gerber, 
MacDonald, & West, 2015). Overall, increases in yearly rainfall from long-term averages are 
associated with small, but significant increases in Indonesian rice production. A 10% 
precipitation increase is associated with a 0.4% increase in rice produced during that year 
(Levine & Yang, 2014). Projections of future climatic conditions suggest that there is likely to be 
a greater frequency of years with delays in monsoon onset which in turn may result in lower rice 
production (Naylor et al., 2007).  
Shortfalls in rice production may have important implications for fertility outcomes 
through nutritional mechanisms. As noted by Naylor et al. (2007), delays in monsoon onset 
extend the “hungry season” between the most recent dry season harvest and the wet season 
harvest. Based on Indonesian data from 1999 and 2000, monsoon onset delays, but not 
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reductions in post-onset precipitation volume are significantly associated with reductions in food 
expenditures among rural households (Skoufias, Katayama, & Essama-Nssah, 2012).  
Despite problems associated with crop shortfalls, public policies aimed at mitigating the 
effects of delays in harvest or crop failure on hunger are inadequate to prevent adverse 
nutritional impacts. Indonesia has a government-sponsored rice distribution program designed to 
target households affected by food shortages. The current program, Raskin, is a successor to the 
OPK program initially launched after the 1998 economic crisis (Sumarto, Suryahadi, & 
Widyanti, 2005; World Bank, 2012). However, this program is generally regarded as ineffective 
at targeting the poorest and most vulnerable households, in large part due to the effects of 
corruption, with many of the benefits siphoned off by wealthier households (Hastuti, 2008; 
Olken, 2006; World Bank, 2012).  
Related to the nutritional impacts of delays in rice production are the financial 
consequences associated with changes in rice prices and agricultural wages. According to data 
from the Indonesian National Socio-Economic Survey, rice production is undertaken 
predominantly in rural areas among poorer households (McCulloch, 2008). However, poor 
households are also large consumers of rice as well as beneficiaries of income from rice sales. 
Despite the fact that poorer individuals tend to be farmers, relatively few members of poorer 
income groups benefit from increases in rice prices as they tend to spend a greater proportion of 
their income on rice (McCulloch, 2008). Moreover, poorer agricultural households in Indonesia 
are not as diversified as wealthier households, receiving less income from non-agricultural 
sources (Booth, 2002). Additionally, McCulloch (2008) notes that agricultural wages tend to 
decrease as rice prices increase, suggesting that a scarcity of production and strong competition 
for work among farm laborers drives down wage rates.  
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Family Planning in Indonesia 
Couples in Indonesia have ample opportunities to control their fertility due to the 
existence of a strong national family planning program. Indonesia’s National Family Planning 
Coordinating Board (BKKBN) has been highly successful since its inception in the 1960s at 
expanding contraceptive access and is widely seen as a model for family planning programs 
worldwide (Hull, 2007). Research examining BKKBN has shown that family planning services 
provided through the program have facilitated declines in fertility rates (Angeles et al., 2005; 
Gertler & Molyneaux, 1994). However, this achievement masks the fact that over the past two 
decades, changes have been much more modest. Contraceptive use among currently married 
women has slowly increased from 55% in 1994 to 62% in 2012, while fertility rates have only 
fallen slightly, from a total fertility rate (average number of children born per woman) of 2.9 in 
1994 to 2.6 in 2012 (Statistics Indonesia, National Population and Family Planning Board, 
Ministry of Health, & ICF International, 2013). Although these recent changes are small, they 
are arguably somewhat of an achievement, given the effects of Indonesia’s  severe economic 
crisis in 1998, which raised fears that an increase in poverty and cutbacks to government services 
would reduce contraceptive use and lead to a rebound in fertility, concerns that were later proved 
to be unfounded (Hull, 2007; Schoemaker, 2005). According to the most recent Indonesian 
Demographic and Health Survey, family planning services are widely available throughout the 
country, including in rural areas, through a mix of public and private providers (Statistics 
Indonesia et al., 2013).  
Using the frameworks and research discussed above, we examine how the effects of 
climate shocks are associated with fertility desires, family planning use, and births in Indonesia. 
The combination of potential nutritional shortfalls as well as changes in household income and 
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expenditures discussed above suggest that rural, rice-dependent households are likely to be most 
affected by climate variability, and in turn, are most likely to shift their fertility behaviors as a 
result of climate shocks. However, this is not what we find. Rather, urban, non-farm households 
are more liable to shift their food and non-food expenditures and their fertility desires and family 
planning use following delayed monsoon onset. By contrast, we find no significant changes in 
fertility desires and family planning use among rural households, although these households 
experience marginally lower births.  
Data and Methods 
We use all five publicly-available waves of the Indonesian Family Life Survey (IFLS) for 
our analysis (Frankenberg & Karoly, 1995; Frankenberg & Thomas, 2000; Strauss et al., 2004; 
Strauss, Witoelar, & Sikoki, 2016; Strauss, Witoelar, Sikoki, & Wattie, 2009). IFLS is a 
longitudinal household survey conducted in Indonesia, with waves in 1993/94, 1997/98, 2000, 
2007/08, and 2014/15. IFLS contains questions on fertility desires, family planning use, and 
births, as well as on household expenditures, agricultural production, education, health, and 
livelihoods, among other topics. IFLS is designed as a cluster-randomized sample, with 
communities spread across 16 of Indonesia’s 34 provinces, largely in western and central 
Indonesia.
10
 These provinces contain approximately 81% of the country’s population as of the 
most recent census (Statistics Indonesia, 2011). Ever-married women of reproductive age (15-
49) are asked to answer various questions on reproductive health. IFLS follows up with most 
family members in subsequent rounds, and is known for having very low attrition (Thomas et al., 
2012).  
                                                          
10
 Indonesia’s provincial boundaries have changed within the span of the survey, with the net creation of seven new 
provinces since 1999. In Waves 1 and 2, IFLS communities comprised 13 of the then-27 provinces in the country. 
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We supplemented the IFLS survey data with the Modern-Era Retrospective Analysis for 
Research and Applications (MERRA) data from NASA, which provides global estimates of 
mean temperature and total precipitation for 0.5° x 0.67° cells at a daily time scale from 1981-
2015 (Rienecker et al., 2011). We obtained GPS coordinates of 303 of the IFLS study 
communities (17 additional communities excluded due to missing data) from RAND 
Corporation, which conducts the survey.
11
 These locations were subsequently matched to the 
MERRA climate data in order to create community-level indicators of climate variability over 
time.  
We generated three measures of climate variability to test in our models. For each 
community, we used mean surface temperatures to create monthly temperature averages, as well 
as precipitation data to generate average daily rainfall values by month. Monthly temperature and 
precipitation averages were generated using the 12-month period prior to the survey. 
Additionally, following Naylor et al. (2007) we generated delays for monsoon onset by 
calculating the number of days after August 1 until cumulative rainfall reached 20 cm. This value 
was chosen because it represents the approximate amount of rainfall necessary in order for wet 
season rice planting to take place. Thus, monsoon onset delay serves as a measure of relative 
rainfall timing, rather than rainfall volume.  
For use in the models, we generated z-scores by community for each of the three 
variables in order to depict within-community climate variation based on 35-year temperature 
and precipitation averages. We averaged the monthly temperature and precipitation values 
calculated previously for the entire 12-month period prior to the survey to generate average daily 
temperature and precipitation values in the 12 months prior to the survey by community. Using 
                                                          
11
 IFLS aims to track all individuals who move between survey waves, even those who move to communities outside 
the IFLS survey area. As non-IFLS communities are not geocoded, we were unable to include these individuals in 
our sample. 
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these values, we generated a z-score using the overall temperature and precipitation means from 
1981-2015 from each community. For monsoon onset delay, the z-score was calculated using the 
deviation between the number of days until monsoon onset in the monsoon year (August-July) 
previous to the survey date and the mean number of days to monsoon onset in a community 
between 1981 and 2015. Given strong correlation between precipitation volume and monsoon 
onset delay, most of our model specifications are run without the precipitation volume variable, 
as monsoon onset delay is more established in the literature as a predictor of rice production 
(Korkeala, Newhouse, & Duarte, 2009; Naylor et al., 2007; Skoufias et al., 2012). We opted to 
use delays from the year prior to the survey because we anticipate that the effects of climate 
shocks will be strongest on rice expenditures and production, which should be experienced in the 
months immediately following the shock and not several years thereafter. Figure 4.2 visually 
depicts how we created the climate shock variables.  
In the regression models below, we included standard demographic indicators such as age 
at time of survey, level of education, and number of previous live births (parity). As we 
hypothesize that climate shocks may impact fertility desires, family planning use, and births 
through changes in economic and livelihood processes, we include several indicators for 
susceptibility to these shocks. We include an indicator for whether the household is in a rural 
area as well as separate indicators for whether any member of the household has a farm business. 
We also generated an asset quartile indicator using the sum of assets from the household as well 
as any farm and nonfarm businesses operated by household members.
12
 Table 4.1 presents 
summary statistics for the model variables.  
                                                          
12
 A small number of households have missing data for a control variable. For these individuals, we imputed the 
mean community-level value for the variable and used a binary indicator of missingness in the regression models. 
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Using the IFLS reproductive health modules, we generated three dichotomous outcome 
variables. Regarding fertility desires, women were asked whether they wanted to have another 
child at any point in the future (yes/no). Regarding family planning use, women were asked 
whether they currently use any form of contraception (yes/no). Regarding births, we generated 
an indicator variable denoting if a woman had a live birth in the two calendar years after the 
survey. We opted to use data from the following two calendar years because IFLS data on births 
contains high levels of missing values of birth month (up to 22% of all births, depending on the 
wave). Calendar years were also selected in part because climate shocks close to the survey are 
not likely to immediately affect fertility due to the lag between conception and birth. Using 
calendar years provides an average of six months between when the survey is conducted and 
when births are recorded. A two year period was selected in order to provide sufficient time for 
women to conceive and give birth after experiencing a climate shock, but not so long as to be 
unlikely to be affected by the shock. We selected a dichotomous indicator for births (rather than 
number of births) to avoid complications associated with women who had multiple births from a 
single pregnancy event. All models are restricted to currently married women of reproductive 
age who reported the ability to conceive (currently menstruating). We also restricted models to 
women who were resident in the community at least one calendar year prior to the survey date, 
as they were definitively exposed to the climate shock. 
Using the survey and spatial data described above, we created a woman-wave dataset 
using predictor and outcome data from the same survey. As a result, for family planning use and 
fertility desires we used outcomes from all five surveys based on predictors from the same 
survey wave. The births models are slightly different, as we used births occurring after the date 
of the household survey. For these models, the births data were taken from the pregnancy history 
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module of the subsequent survey round and combined with predictors from the previous wave. 
Thus, for these models we used demographic and livelihoods data from Waves 1-4 and paired 
each wave with birth data from the subsequent wave (using Waves 2-5). Using the month and 
year that the survey was administered to an individual as recorded in IFLS, we generated climate 
variables unique to each woman surveyed. For example, if two members of the same community 
were interviewed during two consecutive months, the values used in their climate variable 
calculations would differ by one month. As a woman needed to be present in two consecutive 
rounds of the survey, and as only four waves of predictor data are used, the births models have a 
lower sample size than the fertility desires and family planning models. 
We use a series of logistic fixed effects models to test for our three outcome variables of 
interest. The logistic regression model is structured such that the log odds of the outcome are 
being measured with reference to the predictors (Cameron & Trivedi, 2005). 
y = log (
𝜋𝑏𝑖𝑡
𝜋𝑛𝑖𝑡
) + 𝛼𝑏𝑡 +⁡𝛼𝑏𝑐 + 𝛽𝑏𝑋𝑖𝑡 
Where πbit represents a fertility-related outcome (desire another child, currently using 
family planning, or gave birth in the two years following the survey), πnit represents the odds of 
the outcome not occurring, αbt and αbc represent time and community fixed effects respectively, 
and Xit is a vector of individual-level time-varying predictors used to predict birth outcomes with 
coefficient vector βb. Model results below report odds ratios, which may be interpreted as the 
multiplicative effect of a one unit change in the independent variable on the odds of a particular 
outcome occurring.  
In order to account for unobserved heterogeneity between communities and over time, we 
included community fixed effects and indicators for survey wave. As some of the communities 
are spatially clustered, a number of them are located within the same MERRA pixel, and thus 
100 
 
have the same temperature and precipitation values. To account for this, we clustered standard 
errors by the 107 MERRA pixels that the IFLS communities fell into in order to control for 
correlation between communities that experienced similar shocks. 
In addition to fertility-related models, we also explore how expenditure patterns vary 
following climate shocks to examine whether changes in expenditures may help to explain shifts 
in fertility dynamics. To highlight the potential effects of nutrition specifically, we constructed a 
variable representing household spending on rice within the seven days prior to the survey. 
Separately, we constructed a variable for the value of all food purchases (excluding beverages, 
alcohol, and tobacco) in the same seven day period. In both cases, these values include the value 
of items purchased in the week prior to the survey, as well as the market value of self-produced 
items consumed at home. Additionally, to examine the effects of climate shocks on non-food 
expenditures, we generated a variable using data on household purchases within the past 30 days 
for utilities, transportation, household goods, and other miscellaneous expenditures (data 
available from Waves 2-5 only). All values are adjusted by a consumer price index (World Bank, 
2015) and log-transformed after dividing by the number of household residents in order to 
account for the non-normality in the distribution of spending across households. Expenditure 
models were restricted to households with a female of reproductive age to improve comparability 
to the fertility-related models. As before, we also include wave and community fixed effects and 
cluster for correlation between community shocks.  
Results 
We present evidence of climate linkages with fertility-related outcomes in Table 4.2. 
Delayed monsoon onset in the year prior to the survey is marginally associated with a greater 
desire to have another child (p=0.09). Following this pattern, delayed monsoon onset is also 
significantly associated with a diminished likelihood of using contraception at the time of the 
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survey (p=0.01). Despite these results, we find no significant association between our climate 
variables and births in the two calendar years following the survey. Control variables are 
generally associated with outcomes in the directions expected. Age and parity play significant 
roles in predicting all outcomes. Younger women are more likely to want additional children, use 
family planning, and give birth. Similarly, women with many births are more likely to use family 
planning and less likely to give birth. Better educated women are less likely to want additional 
children (although the coefficient for tertiary and above is not statistically significant), and are 
also substantially more likely to use family planning compared to women with no formal 
education.  
Recognizing that other forms of depicting climate shocks may provide greater clarity on 
our findings, we tested two other climate specifications. In Table 4.3, we provide alternative 
model specifications showing extended duration of temperature and monsoon onset delays (1-24 
months prior to the survey date) as well as a 1-12 month model including an indicator for 
precipitation volume. With the lone exception of the monsoon onset delay variable becoming not 
statistically significant in the 1-24 month model for fertility desires, neither of the alternative 
model specifications illustrates any change in the effects of climate variables on fertility-related 
outcomes. Notably, neither the temperature nor precipitation volume has a significant impact on 
model outcomes in any of the specifications, suggesting that the bulk of the climate effect on 
fertility behaviors relates to delays in monsoon onset timing.  
To better understand the effect of climate variables on our outcomes of interest, we added 
interaction terms between our climate variables one at a time with four of our categorical 
predictors to assess whether women in particular categories were differentially affected by 
climate shocks. Joint tests are presented to show the significance of the climate interactions with 
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other predictors. Table 4.4 shows that variables for urban residence, not owning a farm business 
and higher levels of assets and education were consistently associated with lower use of family 
planning following monsoon onset delays. A weaker association is also observed between 
several of these variables and higher fertility desires. In general, climate associations were 
weaker with births outcomes, with a marginal association between delayed monsoon onset and 
rural residence and lower births.  
We now turn to the effects of climate shocks on expenditures (Table 4.5). When 
examining the value of recent rice expenditures, climate variables have no significant effect on 
the outcome. A model examining the relationship between climate shocks and per capita 
household food expenditures similarly finds no significant effects, as does a model examining 
non-food expenditures. However, when examining interactions between climate shocks, 
demographic characteristics, and expenditure patterns, we find that monsoon onset delays have 
different effects on expenditures among particular subgroups (Table 4.6). Monsoon onset delays 
are associated with lower food and non-food expenditures in urban and non-farm settings, as 
well as among individuals with tertiary or greater education. By contrast, monsoon onset delays 
are associated with slight increases in rice spending among rural and farm-dwelling populations, 
but are not associated with significant changes in overall food and non-food expenditures.   
Discussion 
Climate change will continue to have significant impacts on livelihoods and development 
prospects in Indonesia for the foreseeable future (Hijioka et al., 2014). How the fertility behavior 
of vulnerable populations responds to climate shocks has enormous implications regarding the 
rate of future population growth, women’s autonomy over their reproductive behavior, and 
ultimately whether Indonesia will manage to achieve future development targets.  
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Combining household panel data over more than two decades with high-resolution 
climate data, we show that delayed monsoon onset marginally increases the desire to have 
another child and reduces family planning use, but has no significant effect on births. 
Temperature shocks have no significant effects on any fertility outcomes for the full sample. 
Interactions between monsoon onset delay and socioeconomic indicators suggest that the 
magnitude of fertility behavior changes vary depending on location, farm ownership, assets, and 
level of education. 
Our results show distinct effects on fertility behavior among rural/farm and urban/non-
farm populations. Among rural/farm residents, delayed monsoon onset is marginally associated 
with lower fertility, despite the fact that rural residence is not significantly associated with 
changes in fertility desires or family planning use. By contrast, delayed monsoon onset 
interactions with urban residence, lack of farm ownership, higher educational attainment, and 
higher levels of assets are not statistically different from zero. This contrasts with relationships 
between these variables and fertility desires that are generally positive following delayed 
monsoon onset and generally negative with family planning use. Although these findings may 
appear puzzling at first, we believe that these results are consistent with the hypotheses and 
literature discussed above.  
Table 4.6 shows that urban/non-farm households were most impacted by the delay in 
monsoon onset, as illustrated by decreases in their food and non-food expenditures, which may 
have motivated an increase in births. This may suggest that households desire more children in 
order to account for changes to household expenditure patterns and potentially provide income 
for the household in the future (a quality-quantity tradeoff), in line with earlier research which 
found increases in  Indonesian fertility following unemployment shocks (Kim & Prskawetz, 
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2010). However, given that it was the wealthiest households that experienced the greatest 
changes in fertility desires and family planning use following climate shocks, an expenditure-
driven story may not be the only explanation. Earlier post-disaster fertility literature shows 
increases in births following environmental shocks (Cohan & Cole, 2002; J. Davis, 2017), and 
these patterns may suggest that families developed stronger familial relationships as a response 
to climate shocks, which in turn resulted in higher fertility desires and weaker demand for 
contraception. 
By contrast, rural/farm households experienced smaller changes in expenditure patterns, 
with statistically significant increases in rice expenditures but no change in food or non-food 
expenditures. Compared to urban/non-farm households, rural/farm households were more 
resilient to climate shocks than might otherwise be expected given their dependence on rice 
production for income generation and livelihoods, although these households did experience a 
decline in births, suggesting some adverse effects associated with climate shocks. 
There is an important commonality between the urban/non-farm and rural/farm results, 
which is that births were lower than would be expected in both settings, given changes in fertility 
desires and family planning use. Despite a very significant effect on delayed monsoon onset and 
family planning use in urban/non-farm settings, there was not a statistically significant change in 
births. Similarly, despite few significant effects on fertility intentions and family planning use in 
rural/farm settings and no significant effects on food and non-food expenditures, births fell 
marginally in rural areas following delayed monsoon onset. These patterns suggest that there 
may be other factors preventing live births aside from changes in family planning use, fertility 
desires, and expenditure patterns.  
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Changes in nutritional intake and maternal stress levels may offer a partial explanation. 
Among urban/non-farm households, food expenditures were substantially reduced, suggesting 
that some mothers may have skipped meals and/or substituted for cheaper foods following delays 
in monsoon onset. Among rural/farm households, the pattern is a bit trickier to decipher. 
Spending on rice went up following monsoon onset delays, while food and non-food 
expenditures did not significantly change. This may be because rice expenditures as a share of 
households’ food spending is more than twice as great among rural households in our sample as 
compared to urban households, suggesting that rice makes up a greater part of household diets in 
these areas. Given its importance in the diet, households may have simply consumed similar 
quantities of rice, but at higher prices to adjust for monsoon-related effects, without reducing 
spending in other categories. As these data are at the household level, they are unable to detect 
intrahousehold changes in nutritional allocation, which may be important, particularly between 
mothers and young children (Block et al., 2004). Additionally, the effects of climate shocks on 
livelihood and expenditure patterns may have increased maternal stress levels, although the 
health-related variables in IFLS are not sufficiently refined to allow us to test this hypothesis. 
Thus, while not conclusive, there is reason to believe that changes in maternal health through 
changes in nutrition may have played some role in influencing the gap between fertility 
intentions/family planning use and live births observed in both rural/farm and urban/non-farm 
households.  
Based on our findings, we do not believe that a decrease in reported family planning use 
after monsoon onset delays is due to supply constraints, as has been reported in some settings 
after natural disasters (Behrman & Weitzman, 2016; Carballo et al., 2005; Hapsari et al., 2009). 
Current Indonesian Demographic and Health Survey data shows high levels of family planning 
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use throughout the country (Statistics Indonesia et al., 2013), and we have no evidence 
supporting the idea that rainfall delays affected family planning supplies. Moreover, we believe 
that the patterns of higher fertility desires observed here are distinct from patterns observed in 
some studies noting that fertility may be stimulated by high levels of child mortality in a disaster, 
which is not the case in our sample (Carta et al., 2012; Nobles et al., 2015; Qin et al., 2009). 
Our study expands on earlier literature exploring determinants of fertility behavior in 
response to shocks in several ways. First, we combine high-resolution climate data with 
household survey panel data to provide estimates over a 22-year period, an improvement upon 
many existing studies that use shorter time spans and lower levels of spatial resolution in their 
climate data. Second, we use a continuous measure of climate shock exposure through the use of 
temperature and monsoon onset delay z-scores, providing estimates of effects that span beyond 
whether or not households experienced crop losses, as literature exploring the Indonesian context 
notes that it is not necessarily yield diminishment, but rather changes in areas devoted to certain 
crops that serve as adaptations to climate variability (Falcon et al., 2004; Naylor et al., 2001). 
Third, we present one of the relatively few studies that contain estimates for how desired fertility 
and family planning use respond to environmental shocks, providing additional insights into how 
various determinants of fertility change in addition to fertility itself.  
As climate change is likely to substantially affect livelihoods throughout the world in the 
coming decades, with implications on fertility behaviors, we believe that our analysis could be 
extended in several ways. We found strong effects of climate shocks on fertility desires and 
family planning use in urban populations, yet there is relatively little literature in Indonesia 
exploring the mechanisms linking climate shocks with economic and livelihood impacts on 
individuals in urban settings, despite the country’s rapid urban growth. More research on how 
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urban livelihoods, fertility behaviors, and climate shocks interact would be welcome. 
Additionally, while Indonesia is a much studied setting in part because of the high quality of 
IFLS data, we recognize that the pattern of fertility-related responses to climate shocks is likely 
to vary considerably depending on local contexts. Studies exploring climate-fertility linkages in 
other regions such as South Asia and sub-Saharan Africa that combine household survey and 
spatial data are much needed. Finally, as previous studies have shown, migration sometimes 
serves as a coping mechanism for individuals experiencing climate shocks (S. Henry et al., 2004; 
Thiede & Gray, 2016). Moreover, other research has examined the fertility behavior of women 
who have previously migrated, sometimes finding differences between the fertility behavior of 
migrants and non-migrants (Jensen & Ahlburg, 2004; Lindstrom & Saucedo, 2002). Research 
that seeks to combine these literatures may find new and unexpected patterns of fertility among 
individuals migrating after climate disturbances relative to other types of migrants, allowing for 
more holistic understandings of demographic responses to climate change. 
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Tables 
Table 4.1: Summary statistics for fertility-related models 
Outcome Variables 
Variable Unit Mean Std. Dev. Definition 
Fertility Intentions 0/1 0.50 0.50 Woman desires another child sometime in the future (N=19,312) 
Family Planning 
Use 0/1 0.62 0.49 Currently uses family planning method as of survey date (N=19,268) 
Births 0/1 0.16 0.37 Had live birth in the two calendar years following survey (N=13,413) 
Predictor Variables 
Variable Unit Mean Std. Dev. Definition 
Demographic Variables 
Age Years 32.21 7.54 Age on survey date 
No Education
a
 0/1 0.07 0.25 Respondent reports no formal educational attainment 
Primary Education 0/1 0.46 0.50 Maximum educational attainment is some or completed primary school 
Secondary 
Education 0/1 0.20 0.40 Maximum educational attainment is some or completed secondary school 
Tertiary Education 0/1 0.27 0.45 
Maximum educational attainment is greater than secondary school 
completion 
Parity # Live Births 2.52 1.84 Number of live births as of survey date 
Socioeconomic Variables 
Overall Assets
b
 
Adj. IDR 
('000) 133000 358000 Sum of household, farm, and nonfarm assets in thousands of IDR 
Farm Business 0/1 0.40 0.49 Member of household has a farm business 
Rural Household 0/1 0.53 0.50 Household is located in a rural area 
Climate Variables 
Temperature
c
 °C 26.44 1.51 Mean monthly temperature 
Precipitation
c
 mm 7.23 4.58 Mean daily precipitation 
Monsoon Onset 
Delay
c
 Days 86.76 32.80 Average number of days after Aug 1 when cumulative rainfall reaches 20 cm 
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Observations by Wave: 3,170 (Wave 1); 3,583 (Wave 2); 3,625 (Wave 3); 4,311 (Wave 4); 4,623 (Wave 5) 
Notes:  
Summary statistics refer to models for fertility desires (greatest sample size of the three outcome variables).  
All models restricted to currently married women of reproductive age (15-49) who were exposed to a shock (in community at least 
one year before survey).  
 
a. Used as reference category in regression models.  
b. IDR=Indonesian Rupiah. Asset values are adjusted for inflation index based on 2010 IDR value. Quartiles of asset values generated 
by wave are used in models in Tables 2-6.  
c. Deviations (Z-scores) of climate variables generated by community are used in models. 
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Table 4.2: Primary specifications of climate on fertility intentions, family planning use, and births 
 
Odds ratios presented with standard errors clustered by pixel shown below. 
 
 
Fertility Intentions Family Planning Births 
Temperature z-Score 0.956 0.981 0.745 
 
(0.211) (0.141) (0.184) 
Monsoon z-Score 1.083* 0.899*** 0.971 
 
(0.0521) (0.0366) (0.0440) 
Age 0.904*** 0.966*** 0.911*** 
 
(0.00435) (0.00328) (0.00517) 
Primary Education 0.698* 1.946*** 0.942 
 
(0.133) (0.190) (0.107) 
Secondary Education 0.625** 2.109*** 0.977 
 
(0.128) (0.235) (0.122) 
Tertiary+ Education 0.786 1.807*** 1.200 
 
(0.163) (0.203) (0.160) 
Parity 0.396*** 1.334*** 0.899*** 
 
(0.0268) (0.0317) (0.0229) 
Assets Q2 1.002 1.065 1.048 
 
(0.0578) (0.0502) (0.0895) 
Assets Q3 0.991 1.019 1.073 
 
(0.0509) (0.0525) (0.0738) 
Assets Q4 0.981 1.094* 0.959 
 
(0.0639) (0.0600) (0.0767) 
Farm Business 1.182*** 0.942 0.965 
 
(0.0667) (0.0399) (0.0660) 
Rural Household 1.009 0.908 1.025 
 
(0.123) (0.110) (0.222) 
Wave 2 0.741*** 1.188** 0.963 
 
(0.0543) (0.0795) (0.0867) 
Wave 3 0.742*** 1.194** 0.788*** 
 
(0.0749) (0.0847) (0.0582) 
Wave 4 0.496*** 2.175*** 0.757** 
 
(0.0763) (0.262) (0.103) 
Wave 5 0.702** 1.889*** - 
 
(0.104) (0.244) - 
Sample Size 19,281 19,240 13,096 
 
Notes: 
Q1 assets and Wave 1 are reference categories.  
Community fixed effects and indicators for missingness included but not shown.  
Models present information from all five survey waves except births (Waves 1-4).  
* p<.10; ** p<.05; *** p<.01 
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Table 4.3: Alternative specifications of climate on fertility intentions, family planning use, and 
births 
 
Odds ratios presented with standard errors clustered by pixel shown below. 
 
  
1-24 Month Period: Temperature and Monsoon 
Onset Delay 
  
Fertility Intentions Family Planning Births 
 
Temperature z-Score 0.682 1.037 0.818 
  
(0.222) (0.180) (0.275) 
 
Monsoon z-Score 1.077 0.864** 0.877 
  
(0.0676) (0.0509) (0.0719) 
 
Sample Size 19,281 19,240 13,096 
     
  
1-12 Month Period: With Precipitation Indicator  
  
Fertility Intentions Family Planning Births 
 
Temperature z-Score 1.010 0.944 0.744 
  
(0.252) (0.172) (0.229) 
 
Monsoon z-Score 1.084* 0.898*** 0.971 
  
(0.0524) (0.0367) (0.0432) 
 
Precipitation z-Score 1.116 0.928 0.999 
  
(0.262) (0.192) (0.292) 
 
Sample Size 19,281 19,240 13,096 
     Notes: 
    Controls, wave and community fixed effects, and indicators for missingness included but 
not shown.  
Models present information from all five survey waves except births (Waves 1-4).  
* p<.10; ** p<.05; *** p<.01 
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Table 4.4: Fertility outcome interactions between climate and socioeconomic variables 
 
Table shows odds ratios with significance of interaction and chi square joint test of significance 
of interaction terms below. 
 
Location Interactions 
Fertility 
Desires 
Family 
Planning Births 
Rural: Temperature 0.910 1.213 0.743 
Rural: Monsoon 1.067 0.942 0.902* 
Urban: Temperature 0.979 0.819 0.730 
Urban: Monsoon 1.102* 0.854*** 1.060 
Joint Test of Significance 0.86 17.95*** 10.88*** 
    
Farm Business Interactions 
Fertility 
Desires 
Family 
Planning Births 
Farm Business: Temperature 0.749 1.247 0.865 
Farm Business: Monsoon 1.075 .916* 0.905 
No Farm Business: Temperature 1.100 0.855 0.688** 
No Farm Business: Monsoon 1.075 0.897*** 1.045 
Joint Test of Significance 6.01** 11.28*** 2.01 
    
Assets Interactions 
Fertility 
Desires 
Family 
Planning Births 
Q1 Assets: Temperature 0.997 1.034 0.739 
Q1 Assets: Monsoon 1.065 0.964 0.992 
Q2 Assets: Temperature 0.726 1.112 0.696 
Q2 Assets: Monsoon 1.030 0.915* 0.891** 
Q3 Assets: Temperature 1.029 1.001 0.882 
Q3 Assets: Monsoon 1.082 0.880*** 0.985 
Q4 Assets: Temperature 1.128 0.744* 0.676 
Q4 Assets: Monsoon 1.159*** 0.831*** 1.010 
Joint Test of Significance 15.22** 26.70*** 8.18 
    
Education Interactions 
Fertility 
Desires 
Family 
Planning Births 
No Education: Temperature 0.391* 1.007 1.199 
No Education: Monsoon 1.071 0.995 0.918 
Primary Education: Temperature 0.934 1.105 0.662* 
Primary Education: Monsoon 1.071 0.937 0.951 
Secondary Education: Temperature 1.035 1.110 0.609 
Secondary Education: Monsoon 1.145** 0.893** 1.053 
Tertiary+ Education: Temperature 1.070 0.792 0.955 
Tertiary+ Education: Monsoon 1.077 0.795*** 0.965 
Joint Test of Significance 6.68 39.07*** 6.60 
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Notes: 
Community fixed effects and indicators for missingness included but not 
shown.  
Models present information from all five survey waves except births (Waves 1-
4).  
* p<.10; ** p<.05; *** p<.01 
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Table 4.5: Climate effects on recent rice, food, and non-food expenditures 
 
Ordinary least squares regression coefficients presented with pixel-corrected standard errors 
presented below. 
 
Rice 
Expenditures 
Food 
Expenditures 
Non-Food 
Expenditures 
Temperature z-Score -0.495 -0.334 0.115 
 
(0.302) (0.282) (0.107) 
Monsoon z-Score 0.0835 -0.0712 -0.0559** 
 
(0.0697) (0.0718) (0.0260) 
Wave 2 0.549*** -4.817*** - 
 
(0.117) (0.384) - 
Wave 3 1.076*** -3.477*** 0.870*** 
 
(0.137) (0.319) (0.0626) 
Wave 4 0.749*** -3.334*** 2.311*** 
 
(0.220) (0.260) (0.0887) 
Wave 5 1.514*** -2.293*** 3.066*** 
 
(0.225) (0.276) (0.0744) 
Sample Size 23,275 23,275 19,345 
 
Notes: 
Rice and food expenditures is defined as the natural log of the total value of products purchased 
by any household member in the seven days prior to the survey divided by the number of 
household members.   
Non-food expenditures is defined as the natural log of the total value of non-food products 
purchased by any household member in the 30 days prior to the survey divided by the number of 
household members.  
Expenditures per capita values adjusted for inflation using consumer price index value based on 
2010 consumer price values.  
All IFLS waves included, except for non-food expenditures (Waves 2-5). Community fixed 
effects and indicators for missingness included but not shown.  
* p<.10; ** p<.05; *** p<.01 
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Table 4.6: Expenditure outcome interactions between climate and socioeconomic variables 
 
Table shows regression coefficients with significance of interaction and chi square joint test of 
significance of interaction terms below. 
 
Location Interactions 
Rice 
Expenditures 
Food 
Expenditures 
Non-Food 
Expenditures 
Rural: Temperature -0.573* -0.412  0.315** 
Rural: Monsoon 0.158** 0.096 -0.018 
Urban: Temperature -0.293 -0.038 -0.015 
Urban: Monsoon  -0.031 -0.278*** -0.091*** 
Joint Test of Significance 4.45** 12.08*** 14.30*** 
    
Farm Business Interactions 
Rice 
Expenditures 
Food 
Expenditures 
Non-Food 
Expenditures 
Farm Business: Temperature -0.738** -0.380 0.278*** 
Farm Business: Monsoon 0.146* 0.110 -0.018 
No Farm Business: Temperature -0.208 -0.081 0.067 
No Farm Business: Monsoon 0.009 -0.199*** -0.074*** 
Joint Test of Significance 5.69*** 13.90*** 8.08*** 
    
Assets Interactions 
Rice 
Expenditures 
Food 
Expenditures 
Non-Food 
Expenditures 
Q1 Assets: Temperature -0.501 -0.361 0.218** 
Q1 Assets: Monsoon 0.105  -0.027 -0.020 
Q2 Assets: Temperature -0.332 -0.317 0.346*** 
Q2 Assets: Monsoon 0.094  -0.041 -0.034 
Q3 Assets: Temperature  -0.433 -0.308 0.176 
Q3 Assets: Monsoon 0.075 -0.031 -0.036 
Q4 Assets: Temperature -0.509  -0.276 -0.030 
Q4 Assets: Monsoon 0.102 -0.144 -0.025 
Joint Test of Significance 0.18 0.44 4.94*** 
    
Education Interactions 
Rice 
Expenditures 
Food 
Expenditures 
Non-Food 
Expenditures 
No Education: Temperature 0.084 -0.180 0.304** 
No Education: Monsoon 0.192 0.087 0.035 
Primary Education: Temperature -0.656** -0.366 0.228** 
Primary Education: Monsoon 0.083 -0.019 -0.038 
Secondary Education: 
Temperature  -0.455 -0.459 0.132 
Secondary Education: Monsoon 0.046 -0.064 -0.072*** 
Tertiary+ Education: Temperature -0.364 -0.165 -0.085 
Tertiary+ Education: Monsoon 0.029 -0.244*** -0.097*** 
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Joint Test of Significance 1.58 3.60*** 10.26*** 
 
Notes: 
Community fixed effects and indicators for missingness included but not shown.  
All IFLS waves included, except for non-food expenditures (Waves 2-5) 
* p<.10; ** p<.05; *** p<.01 
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Figures 
Figure 4.1: Conceptual model depicting pathways between household characteristics, adverse 
climate shocks, and fertility-related outcomes 
 
Note: Curved arrows at left show correlations between household characteristics.   
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Figure 4.2: Timeline showing periods over which temperature, precipitation, and monsoon onset 
delay predictors were calculated for survey conducted in October 1993 
 
 
Note: Births are recorded in the two calendar years following the survey date.  
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CHAPTER 5: CONCLUSION 
Conclusion 
Collectively, these three papers highlight the importance and continued relevance of 
studying issues related to population and the environment, but also the challenges inherent in 
conducting this research, including issues of scale, timing, and illustrating causality. Scale 
remains a continuing challenge of this work because environmental processes may occur at 
multiple levels and are shaped by institutions that are often linked across spatial scales, making 
analysis of particular policies or interventions more challenging. Additionally, as noted in 
Chapter 2 in particular, there is growing spatial segregation between where resources are 
harvested and where they are consumed due to growth in global trade flows. These patterns are 
shaping how fertility and family planning use affect (or are affected by) natural resource use.  
Timing is another challenge as health and environmental outcomes occur at different 
rates. For example, as noted in Chapter 3, the HoPE-LVB intervention was successful at 
disseminating family planning services and changing attitudes about family planning use within 
the first couple of years of the project. However, improving fish populations takes longer, 
making it difficult for practitioners and scholars to demonstrate linkages between fisheries 
conditions and the provision of family planning services. Demonstrating causality remains a 
challenge in part because of issues of scale and timing of events, making it more challenging to 
develop research strategies to test population and environment linkages. Moreover, the relatively 
small number of large-scale longitudinal surveys that contain both environmental and social data 
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makes it difficult to use methods such as randomized control trials or propensity score matching 
that provide for stronger causal inference.  
Despite these challenges, each of these papers contributes to the population-environment 
literature by tackling novel questions and providing a baseline series of evidence that can be used 
to inform hypotheses in future studies. In examining the relationship between voluntary family 
planning provision and forest cover change, Chapter 2 provides additional evidence that the 
pathways between family planning, fertility, and environmental change are complex and are 
likely temporally segregated, given the amount of time required in order to see possible change 
in environmental conditions after the provision of family planning services. This topic has 
received renewed interest recently (Engelman, 2016), and will continue to be of future research 
interest as there is considerable overlap between areas experiencing the strongest impacts of 
climate change and areas with the highest rates of population growth (Aukema, Pricope, Husak, 
& Lopez-Carr, 2017).  
Chapter 3 provides an important addition to the nascent literature on PHE projects, 
complementing previous quantitative findings showing that integrated PHE efforts can improve 
health and conservation outcomes as compared to a single-sector project (D’Agnes, D’Agnes, 
Schwartz, Amarillo, & Castro, 2010). This paper provides important insights into the 
mechanisms through which integrated family planning, community health, and conservation 
projects function in practice, including illustrating how changes in gender roles and time savings 
can contribute to value-added outcomes. Additionally, Chapter 3 demonstrates a successful real-
world application of results chain analysis for integrated development projects, highlighting how 
this technique can be used to manage programs adaptively as project circumstances and 
assumptions change over time. Documenting the value-added mechanisms found in 
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implementing PHE in Lake Victoria as well as the lessons learned using results chains are 
intended to provide insights for future practitioners of integrated projects.  
Chapter 4 explores the relationship between climate change and fertility at the national 
scale. It adds to the growing literature regarding demographic responses to climate change, and 
adds important nuance to this literature base. In particular, various studies of climate change and 
migration have found that greater wealth may enable improved ability to adapt to climate shocks 
through migration (e.g. Gray, 2011; Hunter, Murray, & Riosmena, 2013). This study examining 
the effects of climate change on fertility suggests that wealth is not as significant a factor as it 
appears to be in studies of climate migration. Rather, livelihood choices, in particular urban 
residence and owning a farm, appear to be strong predictors of family planning use and fertility 
intentions, but not fertility, at least in the setting of Indonesia. The relationship between climate 
shocks and fertility was substantially weaker, with rural households less likely to give birth after 
climate shocks.  
This study is also important because by testing various specifications for climate shocks, 
it hints at possible mechanisms between climate variables and demographic adaptations. For 
example, a large scale study of migration in Indonesia (Bohra-Mishra, Oppenheimer, & Hsiang, 
2014), finds that temperature, but not precipitation shocks are associated with migration, 
suggesting that temperature is more closely connected to livelihood opportunities or other factors 
that influence migration. By contrast, our study finds that temperature is not significantly 
associated with fertility preferences, family planning use, or births, whereas monsoon onset 
delay is, suggesting that climate shocks may stimulate migration and fertility responses through 
different pathways, including possible social and psychological mechanisms that are not 
extensively addressed in the livelihoods literature. 
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Future research exploring the nexus of fertility and the environment should examine the 
decoupling of resource use with local environmental degradation. Growing trade flows of natural 
resources are making the relationship between local population growth and resource 
consumption more diffuse. Despite this, the growing global population continues to consume 
high levels of natural resources, with threats associated with rapid deforestation (Achard et al., 
2014) and overfishing (Bellmann, Tipping, & Sumaila, 2016) continuing to play a role in global 
environmental policy debates. These persistent challenges make the study of how and where 
changes in fertility behaviors play a role in mediating or moderating relationships between 
consumption and environmental conditions increasingly important. This is even true in settings 
of PHE programs, where the growth of roads and communication networks is changing the 
character of formerly remote places. In turn, by opening up opportunities for trade and migration, 
infrastructure development has the potential to change previously established relationships 
between local communities and their natural resources, raising questions about the effectiveness 
of the PHE model and creating challenges for future PHE practitioners. Research that explores 
how development and in-migration are changing relationships between local communities and 
natural resource consumption is an important step forward towards refining how PHE and 
similar integrated development approaches can be effective in ecologically fragile regions 
undergoing economic and demographic change.  
Finally, the findings from Chapter 4 raise important questions regarding the mechanisms 
through which climate change influences demographic processes. Further quantitative and 
qualitative research is needed to explore how climate change is affecting livelihoods, both in 
rural and urban areas, and in turn, how these changes are affecting decisions to migrate and/or 
have children. Given the heterogeneous effects of climate change on livelihoods in different 
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settings, this research may be able to help explain spatial and socioeconomic differences in 
responses to climate shocks, as well as why certain elements of climate change (such as 
temperature increase or rainfall variability) have been found to be particularly associated with 
demographic responses in some settings but not others. As the conclusion to Chapter 4 notes, 
research that examines climate change and demographic responses together, treating fertility and 
migration decisions as two distinct but related adaptations to climate stress may help to enhance 
existing population-environment frameworks and further refine how certain climate stressors 
affect demographic responses.   
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